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Field of the Invention

5 The invention relates generally to semiconductor circuit design and,
more particularly, to a method and apparatus for interconnecting power and
signal buses in an integrated circuit. '

Background of the Invention
As semiconductor technology develops, the number of transistors _
10 included in a sing'le Integrated circuit, or “chip,” is becoming larger and the
design rule parameters therefore are becoming smaller. These two
developments contribute to increased metal layer resistance and to
difficulties associated with this increased resistance. Such difficulties
include ground bounce, cross talk noise, and circuit delays. All of these
15 difficulties slow down chip operation and may even corrupt data stored on
the chip. Eliminating the impact of increased metal layer reéis_tance is an
.important design challenge in most semiconductor designs, including
designs for dynamic random access memory (DRAM) devices.l
One solution to this problem has been the developmént of a meshed
20 power bus system for the chip, as described in Yamada, A 64-Mb DRAM
with Meshed Power Line, 26 IEEE Journal of Solid-State Circuits 11. (1991).
A meshed power bus system is readily' implemented in integrated circuits
like DRAMs because of their large arrays of memory cells and the presence
of distributed sense amplifier drivers. The meshed system supplies
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Fi el d-of the | nvention The invention relates generally to
sem conductor circuit design and, nore particularly, to a method and
apparatus for interconnecting power and signal buses in an integrated

circuit. Backeround of the .Invention As sem conductor technol ogy
devel ops, the nunber of transistors included in a single integrated
circuit, or "chip," is becom ng |larger and the design rul e paraneters

therefore are becomng smaller. These two devel opnents contri butATENT
i ncreased metal |ayer resistance and to difficul Dasket NeT24.8Q (GFIH2) hi s

I ncreased resistance. Such difficulties include ground bounce, cross talk
noi se, anddequaté powet 4y she Alistritfutedesensei drhplifier idrivesisdvecanse thiei p
operati Ohs?é]t%m%en\/:ggycﬁ)gvsgrp f:ugg[ zgur?xgi%%eg Béth horizontal and vertical
directions across the arrays.
The Yamada meshed system may be implemented using a
5 conventional complimentary metal oxide semiconductor (CMOS) technology,
including first, second and third metal layers, each electrically isolated from
each other, wherein the first metal layer represents the lowest metal layer,
the third metal layer represents the upper-most metal layer, and the second
_metal layer lies between the first and third layers. The Yamada meshed
10 system is constructed in the second and third metal layer and includes a
positive supply voltage (VDD) mesh and a negative supply voltage (Vss)
mesh, for the VDD power buses and the VSS power buses, respectively.
Conventional designs have these meshes running over the memory array
and connecting at the sense amplifiers. Connections are made using
15 through-holes, locatqd in the area of the sense amplifier circuits. However,
the presence of VDD and VSS power buses in the sense amplifiers is
unnecessary, since these circuits do not require either VDD or VSS power
buses, except for well bias.
As a result, the sense amplifiers, due to their relatively small size
20 and numerous associated signal and power buses, are adversely affected by
the Yamada meshed system. The Yamada meshed system overcrowds the
sense amplifiers with additional power and signal buses. In addition, the
metal line width required for overlapping through-holes is larger than the
minimum metal line width and therefore increases the width of the metal
25 layers even further. As a result, the metal layer over the sense amplifiers
becomes determinative of the size of the sense amplifier circuits.
Accordingly, their size reduction must be realized by tightening the metal

width, inevitably resulting in increased resistance and slower operation.
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t he chip. Elininating the inpact of increased netal |ayer resistance is an
I pportant design challenge in nbst sem conductor designs, including designs
for dynam ¢ random access nenory (DRAM devices. One solution to this
probl em has been the devel opnent of a neshed power bus systemfor the chip,
as described in Yanada, A 64-Mo DRAM with Meshed Power Line, 26 |EEE
Journal of Solid-State CGrcuits 11 (1991). A neshed power bus systemis
readily inplenented in integrated circuits |i ke DRAMs because oi’&TENrT

large arrays of menory cells and the presence of D:ucket Nt 7 4630 {6T3-2)
anplifier drivers. The meshed system supplies

In addition to the Yamada meshed system, other proposals have been
made for conventional DRAM design. Recently, a hierarchical word line
scheme was proposed in K. Noda et Al., a Boosted Dual Word-line Decoding
Scheme for 256 Mbit DRAM’s, 1992 Symp. on VLSI Circuits Dig. of Tech.

5 Papers, pp. 112-113 (1992). The Noda scheme includes -main word lines,
constructed in the second metal line layer; and subword lines constructed in
a poly silicon layer. The Noda scheme describes two main word lines (one
true, one bar) for every eight subword lines, and is thereby able to relax the
main word line pitch to four times that of the subword line. However, this
10 _pitch would not support an improved meshed power and signal bus system.

Consequently, there is a need for a meshed power and signal bus
sysfem on an array-type integrated circuit that does not limit mesh
through-hole connections to the area of the sense amplifiers, but provides
for such. connections at other locations on the array, thereby allowing for a

15 relaxed metal width over the sense amplifiers and a reduction of the overall
area of the chip with lower power bus resistance.

Furthermore, there is a need for a hierarchical word line scheme that
supports an improved meshed power and signal bus system, that has a
main word line pitch greater than four times that of the subword line pitch.

20 Summary of the Invention
The present invention, accordingly, is a method and apparatus for
providing a meshed power bus and signal bus system on an array-type
integrated circuit that does not limit mesh through-hole connections to the
area of the sense amplifiers, but provides for these connections at other
25 locations on the array, thereby allowing for a relaxed metal width over the
sense amplifiers, faster sense amplifier operation, and chip size reduction.

The through-holes for the mesh system are located in the cell array instead
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2 adequate power to the distributed sense anplifier drivers because the
system has many power buses running in both horizontal and verti cal
di'rections across the arrays. The Yanada neshed system may be

i mpl enent ed using a conventional conplinmentary netal oxide sem conductor
(CMOS) technology, including first, second and third netal |ayers, each
electrically isolated fromeach other, wherein the first netal Jayer
represents the | owest netal layer, the third netal |ayer represE ENHe
upper-most netal layer, and the second netal | ayBPocketdNo &0 (BF3EDY st
and third layers. The Yamada neshed systemis constructed in the second and
third netefl or Apeaddition; to; beirg locaped in ithe ayeppifithedensgearaplifier mixtuitsnd a

pover bus Do vt b8 BripaBls, FEAW Erekbehign el B She 285 808 Al i ng

over the foeiabre affici¥nt use of power and signal buses in the sense amplifiers.

The invention includes an array of DRAM memory cells, arranged as
5 a plurality of subarrays and selected by main address decoders. Each
subarray is surrounded by a plurality of sense amplifiers circuits,
subdecoder circuits, and VDD, VsS and signal buses connecting to and
running across the subarray. The VDD buses run in both vertical and
horizontal directions across the subarray, with all the vertical buses lying in
10 the third metal layer and all the horizontal buses lying in the second metal
layer, thereby creating a VDD mesh. The buses in each layer are connected
to each other using through-holes located in the memory cell subarray as
well as on the sense amplifier area. Likewise, a VsSS mesh and/or a signal
| mesh is created using through-holes located on the memory cell subarray.
15 Once connected, the buses extend to the appropriate circuits, such as sense
amplifier drive circuits, and the metal layer and through-hole requirement
over the sense amplifiers is significantly reduced.
The invention also includes a hierarchical word line scheme. To
facilitate the combination of the above-mentioned meshed system and the
20 hierarchical word line scheme, the Noda hierarchical word line scheme
 should also be improved to provide a greater pitch of main word lines to
subword lines. In the impi'oved hierarchical word line system, an
intersection area, created between the sense amplifier and the subdecoder,
includes subdecoder drivers as well as sense amplifier drivers. This
25 combination provides high speed word line selection and high speed sense
amplifier operation at the same time.
Once the sense amplifier size is no longer determined by the metal
usage, as provided by the above-mentioned meshed system, an improved

layout technique for the sense amplifier circuits may be necessary to match

[
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and connecting at the sense anplifiers. Connections are nade using

t hrough-hol es, located in the area of the sense anplifier circuits.

However, the presence of VDD and VSS power buses in the sense anplifiers is
unnecessary, since these circuits do not require either VDD or VSS power
buses, except for well bias. As a result, the sense anplifiers,.due
to their relatively small size and nunmerous associ ated si gnal aﬂgﬁﬁﬁﬁﬁf
buses, are adversely affected by the Yamada nesh ystem _The

nmeshed system overcrowds the sense anplifiers wi tifo iﬁhkﬁﬂﬂééﬁhﬁixiﬂﬂ
signal buses. In additioq the netal line width required for overl apping

t hr ough- h&he finesmemert celh size: nEhig wnpravedelayout itaehnigperinghedesanef or e

i ncr eases C ul

nmet al Iayea;&%egp%gshe Sg%ﬁ%ﬁ{eﬁo@'gﬁﬁ%%ﬁgg@% er rﬁaﬁgﬁ gigEo ﬁﬁ%aéhgé of
t he senseshapedfmeat cegioni with sAametatito-polysiliben-toanetal rehdungle structine foe
realized by tightening the netal width, inevitably resulting in increased
r esi st anc & kel SgRdt- " oper at i on. '

5 A technical advantage achieved with the invention is the ability to
fully utilize the low resistance design of a meshed power system without

having to increase the size of the peripheral circuits, for example, sense
amplifiers, that are limited in size by their metal layers.

A further technical advantage achieved with the invention is that

10 both signal and power buses may freely run in both horizontal and vertical
directions. : '

A further technical advantage achieved with the invention is that the
design for through-holes located in the array area or on a step difference
compensation area do not have to be made to the minimum design widths

15 - like the through-hole‘s located in the peripheral area, and therefore the yield
is improved. .

A further technical advantage achieved with the invention is that the
improved hierarchical word line structures are smaller and faster than
conventional hierarchical word line structures.

20 Brief Description of the Drawings
Fig. 1 is a block diagram of a 256 Mbit DRAM embodying features of
the present invention.
Fig. 2 is a block diagram of two subarrays and surrounding sense
amplifiers and subdecoders of the DRAM of Fig. 1.
25 Fig. 3 is a block diagram of one subarray, two sense amplifiers, and a
subdecoder, as shown in Fig. 2, and a meshed power and signal system

running across the subarray.
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Fig. 4 is a schematic diagram of a meshed power and signal system
over the subarray of Fig. 3.

Fig. 5a is a cross sectional view of a memory cell of the subarray of
Fig. 3 with a through-hole connecting two metal layers used in the meshed
power system of Fig. 4.

Fig. 5b is a detailed schematic of a memory cell of the subarray of
Fig. 3.

Figs. 6a-6¢ are layout diagrams of expanded sections of the meshed
system of Fig. 4. |

Figs. 7a-b are schematic diagrams of circuits included in the
intersection area, sense amplifier, subdecoder and memory array of Fig. 3.

Fig. 8 is a diagram of the subdecoder circuits of Figs 7.

Fig. 9a is a schematic diagram of a prior art subdecoder circuit
showing the Noda hierarchical word line implementation.

Fig.9bis a si:l}ematic diagram of one subdecoder circuit showing a
hierarchical word line implementation. ' )

Fig. 9c is a schematic diagram of a preferred subdecoder circuit
showing a hierarchical word line implementation of the present invention.

Fig. 10a is a schematic diagram of the two sense amplifier circuits of
Fig. 7a.
Fig. 10b is a layout diagram of the sense amplifier circuits of Fig.
10a. '

Fig. 11a is a layout diagram of a circuit used in an equalizer section
of a conventional sense amplifier.

Fig. 1lbis a laydut diagram of a circuit used in the equalizer section
of the sense amplifier circuit of Fig. 7a, utilizing an alternate T-shaped gate

region of the present invention. —_—
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schene was proposed in K Noda et Al., a Boosted Dual Wrd-Iine Decodi ng
Schene for 256 Miit DRAM's, 1992 Synp. on VLSI Circuits Dig. of Tech.
Papers, pp. 112-113 (1992). The Noda schene includes main word |ines,
constructed in the second netal |ine |layer, and subword |ines constructed
in a poly silicon |layer. The Noda schene describes two main word |ines (one

true, one bar) for every eight subword lines, and is thereby a & el ax
the main word line pitch to four tinmes that of t%}%}fqﬁo %er,
this pitch would not support an inproved neshed

system uent re |s need for he wer . and gnal
bus system onéj% iﬁg l%’(?‘#ﬁﬁ%ﬁ?aé{l aFr et tuﬁeaa @6 chﬂﬂnmfre

t hr ough- mab%eﬁsa@eﬁphﬁeﬁ clreuit6f Figt ¥ a0utili¥ing the H AHdped @oat rRpforPpPVi des
for such connections at other |ocations on tRe array, thereby aflow ng for

a rel axedigefl@b. wi dth over the sense anplifiers and a reduction of the

Port ner mor o g d2p 38 A sl Bhe RS oI SRLRAIRL rerion et Fig

gupports 1@y, i nproved neshed power and signal bus system that has a

Fig. 13a is a metal layout diagram of a section of a conventional
sense amplifier. |
Figs. 18b-c are metal layout diagrams of an improved section of the
sense amplifier of Fig. 7a, implementing a noise decreasing method of the
10 present invention. _ '
Fig. 14a is a first cross sectional view of a sense amplifier using a
triple well structure.
Fig. 14b is a second cross sectional view of the sense amplifier of Fig.
2, using a triple well structure.
15 Fig. 14cisa cross sectional view of the subdecoder of Fig. 2 using a
triple well structure.
Fig. 15a is a block diagram showing four fuses used for the sense
amplifiers of Fig. 2 and two additional sense amplifiers.
Fig. 15b is a schematic diagram showing four fuses used for the sense
20 . amplifiers of Flg 2 and two additional sense amplifiers.

Detailed Description of the Invention _

In Fig. 1 the reference numeral 10 refers to a memory device
embodying features of the present invention. The device 10 is fabricated
using a conventional CMOS technology, including first, second and third

25 metal layers and a polysilicon layer. The device 10 also utilizes metal oxide
semiconductor field effect transistors (MOSFETS), but other types of
transistors may also be used, such as bipolar, and metal insulator
semiconductors. Furthermore, while in a preferred embodiment of the
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mai nword |ine pitch greater than four tinmes that of the subword Iine

Ri tch.

Summary of the Invention The present invention,

accordingly, is a nmethod and apparatus for providing a nmeshed power bu
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amic random access memory
(DRAM), it should be understood that the present invention is not limited to
use with a 256Mbit DRAM, but may be used in .conju.nction with other
devices having arrays, including a programmable array logic, a 1Gbit
DRAM and other memory devices.

The device 10 includes a set of array blocks of memory cells, such as
an array block 12, a group of pads 14a - 14f, and a group of main address
decoders 16a - 16/, wherein decoders 16b, 16e, 16h and 16k are row
decoders and decoders 16a, 16¢, 16d, 16f, 16g, 16i, 16j and 16l are column
decoders. The array block 12 is selected by signals from the address pads
14a - 14d. It should be understood that while more address and signal pads
exist, they may be represented by address pads 14a - 14d, which are
decoded by main addresé decoders 16a - 16/. The main address decoders
16a - 16l represent a plurality of row and column decoders. The row
decoders generate signals including main-word signals MWB and
subdecoder control si‘gnals DXB, and the column decoders generate signals
such as column select signals YS. These signals are controlled by different
address signals from the address pads 14a - 14d, as discussed in greater
detail below. -

Array Block 12, which is representative of the 16 Mbit array blocks, is
further divided into 256 subarrays, two of which are shown in Fig. 2, and
are respectively designated by reference numerals 18a and 18b. Each
subarray consists of 128K of memory cells (arranged as 512 rows by 256
columns).

Power is supplied to the device 10 through power pads 14e and 14f.
The pad 14e is the positive supply voltage (VDD) power pad and is connected
to an external power supply (not shown). The pad 14f is the negative

supply voltage (VSS) power pad and is connected to an external ground (also

not shown).
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4 of, or in addition to, being located in the area of the sense anplifier
Gircuits. This utilizes the avail abl e space for through-holes in the array,
and allows for nore efficient use of power and signal buses in the sense
anplifiers. The invention includes an array of DRAM nenory cells,
arranged as a plurality of subarrays and sel ected by nmai n address decoders.
Each subarray is surrounded by a plurality of sense anplifiers

ircuits,
subdecoder circuits, and VDD, VSS and signal buses connect i7_n% toéAéIFﬁéN;

runni ng across the subarray. The VDD buses run i Rogkeh

hori zontal di rﬁctio,ns across_the subarray, with all the vertical buses
lying in eferring to Fig. 2, the memory cells of the subarray 18a are selected

by signals from two groups of address subdecoders 20a and 20b. Likewise,
the memory cells of the subarray 18b are selected by signals from two
groups of address subdecoders 20c and 20d. The memory cells of subarray

5 18a are read by two groups of sense amplifiers 22a and 22b. Likewise, the
memory cells of subarray 18b are read by two groups of sense amplifiers
22b and 22c. The sense amplifiers 22a-22¢ intersect with the subdecoders
20a-20d, at intersection areas 24a-24f. In this way, intersection areas 24a-
24f are created by the extension of sense amplifier areas 22a-22¢ and

10 " subdecoder areas 20a-20d. _

Referring to Fig. 8, the pads 14e and 14f act as electrical ports to
supply power to the entire device 10 through main VDD and VSS power
buses 28 and 26, respectively. The main VDD and VSS power buses 28 and
26 supply power to the device 10 through a plurality of buses, located in

15 .different metal layers. The metal layers are layered onto a silicon
substrate, in the ord;r of: a first metal layer (M1), a second metal layer
(M2), and a third metal layer (M3). Each of the metal layers M1, M2, M3 is
electrically isolated from each other, but may be electrically interconnected
at intersectiop points using through-holes. Each metal layer M1, M2, M3
20 also has associated therewith a thickness such that the thickness for M3 is
greater than the thickness for M2, which is greater than the thickness for
Mi1. ' _

A first VDD bus 30, comprising a conductor constructed in the third

metal layer M3, extends in a vertical path across the subarray 18a. A first
25 N VSS bus 32, also a conductor constructed in M3, extends in a vertical path

across the memory subarray 18a, parallel with the bus 30. Similarly, a first

signal bus 34 and a first column select YS bus 35, conductors constructed in

M3, run vertically across the subarray 18a parallel with power buses 30 and

-9- This Sheet Has Bee

Wi



the third netal layer and all the horizontal buses lying in the second
netal |ayer, thereby creating a VDD nesh. The buses in each |ayer are
connected to each other using through-holes |ocated in the nmenory cel
subarray as well as on the sense anplifier area. Likew se, a VSS nesh
and/or a signal nmesh is created using through-holes |ocated on the nenory

cell subarray. Once connected, the buses extend to the approprilg T
circuits, such as sense anplifier drive circui té? %ng @heﬂg@ﬂéyﬁand

t hr ough- hol e requi renent over the sense anplifi S Pg ; -
reduced. The inventio o iyl ydes a _hi erarchi gal rd Line schene.
To facil Flzaté‘ ‘?‘h‘% s%cgéﬁ @ﬁi#rﬁﬁ%é%ﬁﬁ%?ﬁ%&ﬁ%@ and t he
hi er ar chirgils vitiRallytrasd 8dBredsfubiedaddy 204T 6lisidé ofRhe shlbﬁ%r&;f hege

shoul d al so be inproved to provide a greater pitch of main word™ines to
subwor d | i nes.Asacand VDR bus 87 ahiacsesondi 38 buedTh and agecond signal bus

el udes 2 enaBhBorh RS uelEd RN, Xou TRRTeY pimas R updboden 207"
gonbi nat iaid themtbesedticth abepeiavand 24k1e TIr! setond VBDthil 87aHifPeheense
second VSS bus 37b have a width that is less than a width of the first VDD
bus 30 and the first VSS bus 32, respectively. |
A third VDD bus 38 and a third VSS bus 40, along with a third signal
bus 42 and a second DXB bus 44, are also conductors similar to those
10 described above, except that they are constructed in the second metal layer

M2, and extend in parallel, horizontal paths across the memory subarray
18a. The third VDD bus 38 electrically connects with the second VDD bus
37a within the subdecoder 20a at their intersection point 45 over the
peripheral circuit area 20a and the first VDD bus 30 at their intersection
15 point 46 within the memory subarray 18a. Likewise; the third Vss bus 40
electrically connects with the second VsS bus 37b at their intersection point
47 within the subdecoder 20a and the first VSS bus 32 at their intersection
point 48 within the memory subarray 18a. Furthermore, the third signal
bus 42 electrically connects with the second signal bus 37¢ at their
20 intersection pbint 49 within the subdecoder 20a and the first signal bus 34
at their interséction point 50 within the memory subarray 18a. Finally, the
second DXB bus 44 electrically connects with the first DXB bus 36 at their
intersection point 52 in the subdecoder circuit 20a. Each of the intersection
points is achieved using through-holes, as discussed in greater detail with
25 reference to Figs. 5a-6c.

Associated with each bus is a line width, it being understood that a
bus with a larger surface area (width and thickness) provides a lower
resistance current path. The first VDD and VSS bus 30, 32 have a line
width of 1.8 microns. The second VDD and VSS bus 37a, 37b have a line
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width of 0.7 microns. The third VDD and VSS bus 38, 40 have a line width
of 1.8 microns. Likewise, the through-holes have associated therewith a
diameter, it being understood that a through-hole with a larger surface area
(diameter) provides a lower resistance current path. The through-holes
located above the memory subarray 18a have a diameter of 0.6 microns,
while the through-holes located above the subdecoder circuit 202 have a
diameter of 0.8 microns.

VDD and VsS power is supplied through the external pads 14e and 14f
the main power buses 28 and 26, respectively, as previously described in
Fig. 8. The first VDD bus 30 is electrically connected to the main VDD
power bus 28 thereby supplying VDD power to the first VDD bus, the seéond
VDD bus 37a, and the third VDD bus 38. The first VSS bus 32 is electrically
connected to the main VSS power bus 26 thereby supplying VSS power to the
first Vss bus, the second VSS bus 37b, and the third Vss bus 40. In this
manner, a VDD mesh 54 is created by the VDD buses 30, 37a and 38 and a
VSS mesh 56 is created by the VsS buses 32, 37b and 40. As a result, each
of the foregoing meshes have power buses running both vertically and
horizontally across the subarray 18a, the subdecoder 20a and the
intersection areas 24a-24b. Furthermore, the VDD and VSS meshes 54 and
56 sig'niﬁc'antiy reduce the total power bus resistance from the power pads
14e and 14f to the subdecoder 20a, the intersection areas 24a-24b and other
circuits, even when the widths of the VDD and VSsS buses 37a and 37b are
narrow.

{& first peripheral circuit (not shown) drives electrical signals to the
first signal bus 34 and the column decoder 16a (Fig. 1) drives electrical
signals to the YS bus 35, which is used in seﬁse amplifiers 22a and 22b.
Likewise, main address decoder 16b (Fig. 1) drives electrical signals to the
second DXB bus 44, in a conventional manner. The first signal bus 34

electrically connects with the second sigha.l bus 37c and the third signal bus

Once the sense anplifier size
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alternating T-shaped gate region for a bit line equalization circuit and an
H shaped noat region with a netal-to-polysilicon-to-netal change structure
f'or .a latch circuit. A techni cal advantage achieved with the
invention is the ability to fully utilize the |ow resistance design of a
meshed power system w thout having to increase the size of the peripheral
circuits, for exanple, sense anplifiers, that are limted in sipaT@ENfheir

metal |ayers. A further technical advant aggogggg N\(,eg 74ty tBP3.-2
i nvention is that bot h signal and power buses may freely run 1n

101 ook 4 Bty g s sgh 5 ool U rt il siver 200
the arr a;sxﬂrckmoder 20aa Isﬂnemsle fiﬂmrﬁrstd)XErbumﬁﬁtelectmﬂbf conmexdts fwith to be
rde {0 e MAEMArR e ke b L suabhol o, Lirgled, Lyt e
techni cal qiHiceaHas 20a¢ N iad ﬁ‘Yh:hﬁef hel §igaRl bRl dubddealer Hfoshes 58 and
5 - 60 are able to connect the sense amplifiers 22a-22b, the subdecoder 20a, and
the intersection areas 24a-24b in many different combinations. Although
not shown, there are many additional buses constructed in M2 and
extending horizontally across the sense amplifier circuit areas 22a and 22b.
Some of these buses are connected to other signal buses, such as the YS bus
10 35. .
Referring to Fig. 4, the VDD, Vss, signal and subdecoder meshes 54,
56, 58 and 60 actually represent many vertical and horizontal lines for each
mesh, thereby providing more buses for the surrounding circuits, and
decreasing the resistance of each mesh. For example, the subarray 18a has
15 multiple VDD buses 38a-38d running in M2 and multiple VDD buses 30a-30d
running in M3, all tied to the main VDD bus 28 (Fig. 3), thereby decreasing
the overall resistance of the VDD mesh 54. Likewise, the subarray 18a has
multiple VsS buses 40a-40d running in M2 and multiple VSS buses 32a-32d
running in M3, all tied to the main VSS bus 26 (Fiig. 3), thereby decreasing
20 the overall resistance of the VSS mesh 56.

In addition to the VDD, VSS, signal and subdecoder meshes 54, 56, 58
and 60, other buses run across the subarray 18a. These other buses include
multiple column factor (CF) buses 61a-61d running vertically in M3, for
inputs to the column decoders 16a, 16¢, 16d, 16f, 16g, 16i, 16j and 16! (Fig.

25 2), and multiple subdecoder buses (DXB1, DXB3, DXB5, DXB7) 44a-44d
running horizontally in M2, for connection to the subdecoder circuits 20a
and 20b (Fig. 2) and to the first DXB bus 36. Furthermore, as shown in
Fig. 4, power buses 30a-30d, 32a-32d, 38a-38d, 40a-40d are located near an
outer edge of the subarray 18a than thé signal buses 61a-61d, 44a-44d. As

-12 -
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| nproved hierarchical word line structures are smaller and faster than

conventional hierarchical word |ine structures. Brief Description of the
Dr awi ngs Fig. 1 is a block diagramof a 256 Mt DRAM enbodyi ng
features of the present invention. Fig. 2 is a block diagramof two

subarrays and surroundi ng sense anplifiers and subdecoders of the DRAM of
Fig. 1. Fig. 3 is a block diagramof one subarray, two se
anplifiers, and a subdecoder, as shown in Fig. 2. apnd m%s;)]e §§%ﬁ%ﬂd
si gnal system running across the subarray. Dogket No. 30 (GT3-

a .result, resistance of the power buses is reduced, while the resistance for
the signal buses, all grouped toward the interior edge of the subarray 18a,
are relatively consistent with each other, thereby making signal propagation
through the signal buses relatively consistent.

5 Referring to Fig. 5a, the electrical connections between the buses
shown in Fig. 4 are made at intersection points located above memory cells.
An intersection point 48a denotes where the VSS bus 32b crosses the VSS
bus 40b. An electrical connection is made between the Vss bus 32b and the
Vss bus 40b using a through-hole 62, located above a memory cell circuit 64.

10 Referring to Figs. 5a-6b, the memory cell circuit 64 of the subarray
18a comprises a conventional, one capacitor and one transistor type DRAM
cell. For example, a capacitor 65 is formed between a plate 67 and a
storage node 68. Likewise, a transistor 69 is formed with the source and
drain connected to the storage node 68 and a bit line (BL1) bus 70,

15 respectively, and the gate connected to a first subword line (SW) bus 72a,
having a width 74. ;To avoid any coupling noise caused by the power and
signal buses, the cell structure of the preferred embodiment is a capacitor
on bit line (COB) structure. This structure facilitates the sensitive nature
of the BL1 bus 70 and enables operation without any detrimental effect by

20 noise from the power and signal meshes 54, 56 and 58 located over the cell,
due to the shielding affect of the plate 64.

Although the intersection point 48a appears to be located directly
over the memory cell circuit 64, this is not required, and is only for the
benefit of explanation. Furthermore, the through-hole 62 and VSSs buses

25 32b and 40b are not necessary for memory cell 64 and not all of the power
and signal buses will be connected to other buses.

Referring to Figs. 4 and 6a, a first section 76 gives an expanded view
of the subarray 18a, showing more signal lines located between the buses
shown in Fig. 4. Section 76 has several signal and power buses of various

\
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REPLACEMENT SHEET 6

Is a schematic diagram of a nmeshed power and signal system over the
subarray of Fig. 3. Fig. ba is a cross sectional view of a nmenory
cell of the subarray of Fig. .3 with a through-hole connecting two netal
| ayers used in the meshed power system of Fig. 4. Fig. 5bis a

detailed schematic of a mermory cell of the subarray of Fig. 3. PATENT 0sS.
ga- 6¢c are layout diagrans of expanded sections ofy k& FRS qu‘iwtgﬁ_ ) Fig.
widths running both vertically and horizontally across it. These buses
include YS buses 35a-35d, having a width 80, the CF bus 61a, having a
width 82, and the VsS bus 32b, having a width 84, running vertically in M3.
Likewise, MWB buses 86a-86d, having a width 88, the DXB1 bus 44a,
5 having a width 90 and the VsS bus 40b, having a width 92, run horizontally
in M2. The signal buses YS 35a-35d, CF 61a, MWB 86 and DXB1 44a run
directly to their corresponding circuits, and therefore do not require a
through-hole on the subarray 18a to change directions. Only the VSS buses
. 82b and 40b have a through-hole 62 to electrically connect them. With this
10 arrangement, the width of each bus, 80, 82, 84, 88, 90 and 92, is optimized
for speed and power resistance effect. For example the widths 84 and 92 of
the VSS buses 32b and 40b, the width 82 of the CF bus 61a, and the width
90 of the DXB1 bus 44a are wider than the widths 80 and 88 for high speed
and low power resistance, and to accommodate the through-hole 62.
15 " Meanwhile, the width 80 of the YS buses 35 and the width 88 of the MWB
buses 86, are made rfarrower than the widths 82, 84, 90, 92 to conserve
metal space.

Fig. 4

Likewise, referring to Figs. 6b and 6c¢, sections 94 and 96 are shown,
having two and no through-holes, respectively. As a result, two YS buses
20 and one CF bus ( or two YS buses and one power bus) are created with
every four sense amplifier circuits, while still meeting acceptable M3 width
and space requirements. Likewise, two MWB buses and one DXB bus (or
two MWB buses and one power bus) are placed with every sixteen sub-
word-line SW buses, while still meeting acceptable M2 width and space
25 requirements. In addition, the widths of all the power and signal buses -
may be optimized to accommodate the multiple buses used by each mesh for
reducing effective resistance and for achieving high speed, keeping the
essential advéntage of high yield by having the relaxed metal pitch of
hierarchical word-line configuration.
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Figs.* 7a-b are schematic diagranms of circuits included in the intersection

area, sense anplifier, subdecoder and nenory array of Fig. 3. Fig. 8
i$ a diagram of the subdecoder circuits of Figs 7. Fig. 9ais a
schematic diagramof a prior .art subdecoder circuit show ng the Noda

hi erarchi cal word |ine inplenmentation. Fig. 9b is a schematic diagram

of one subdecoder circuit showing a hierarchical word |ine inpl @&TENT oON.

Fig. 9c is a schematic diagramof a preferred sulpggeiaTo C5TT4IBD (SRR a

hi erarchical word line inplenentation of the present inventrion. Fig.

10a is a schenidtendhaUaihdh Pige 8! 1R 88i6n WRhbIddWerChhd Wigtalohekhls 72

Fig. 10b is a l'ayout diagram of "the sense amplifier circuits of Fig. 10a.
Elo %;/ ﬁ%a iszll, 86|, and 58 db:emflg aomstiucted mntheummnraydﬁaec}hayigerpmtﬁlmn of a
cirout | SBRSRRSEN TR the Subdecader 3a, oz Wit e SBbitode MR 6. °
Other circuits are modified to accommodate the metal space needed by the
5 power and signal meshes 54, 56, 58 and 60,. The modified circuits are
included in the sense amplifiers, the subdecoders and the intersection areas,
as described below.

Figs. 7a and 7b illustrate the subarray 18a comprising 32
representative memory cells including the memory cell 64 of Figs. 5a-b.

10 Furthermore, the subarray 18a is shown in relation to the intersection area
24a, the subdecoder 20a, and the sense.ampliﬁer 22a of Fig. 2.

In the preferred embodiment, the sense amplifier 22a includes 128
sense ampliﬁef circuits, such as sense amplifier circuits 98a and 98b. Both
of the sense ampliﬁér circuits 98a-98b are connected to a sense amplifier

15 driver 100a, which is located in the intersection area 24a. The sense
amplifier circuit 98a'is connected to a column of memory cells 102a, through
the BL1 bus 70 (Fig. 5a) and a bit line (BL1B) bus 104a, which are both
constructed in M1, and run vertically across the array 18a. Likewise, the

~ sense amplifier circuit 98b is connected to a column of memory cells 102b,

20 through a bit line (BL2) bus 104b and 4 bit line (BL2B) bus 104c, which are
also constructed in M1, and run vertically across the array 18a. Sense
amplifier circuits 98a-98b are discussed in greater detail with reference to
Figs. 10a-10b, below. )

In addition to the sense amplifier driver 100a, the intersection area

25 244 includes a plurality of circuits (excluding sense amplifier driver 100a
and subdecode_r drivers 110a-110d) which are referenced generally by the
numeral 100b. These circuits 100a-100b are designed to employ the
advantages of the low resistance of the VDD, VSS and signal meshes 54, 56
and 58, as supplied by the buses 37a-37c.

_—
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of the sense anplifier circuit of Fig. 7a, utilizing an alternate T-shaped
gate region of the present invention. '
REPLACEMENT SHEET 7 Fi g.

12a is a layout diagramof a.circuit used in the [atch section of the sense
anplifier circuit of Fig. 7a, utilizing the Hshaped noat region of Fig.
10b. Fig. 12b is a sinplified diagramof the H shaped nmoatpagginp of

Fig. Docket No. 5774.30 (GT3-2)
The subdecoder 20a includes 256 subdecoder circuits, represented
generally be subdecoder circuit 106a-106d. The subdecoder circuit 106a
illustrates a hierarchical word line structure utilized in each of the
remaining subdec_odef circuits. The subdecoder circuit 106a is connected to
5 the DXB7 bus 44d and the MWB bus 86a, which is routed to the four
subdecoder circuits 106a-106d through a connector bus 108, constructed in
M1. The subdecoder circuit 106a is also connected to a first subdecoder
driver 110a, located in the intersection area 24a, along with the sense
amplifier driver 100. Likewise subdecoder circuits 106b-106d are connected
10 to subdecoder drivers 110b-110d, located in the intersection areas. The
subdecoder 20a is discussed with more detail below.
Referring to Fig. 8, two subdecoder drivers 110a-110d are located in
intersection area 24a, while the other two subdecoder drivers 110b-110c are
 located in the intersection area 24b. The subdecoder driver 110a comprises
15 an inverter, which converts the DXB7 bus 44d, to an inverted subdecoder
(DX7) bus 114d. Likewise, the subdecoder drivers 110b-d convert the DXB1
44a, DXB3 44b and DXBS5 44c to inverted subdecoder buses DX1 114a, DX3
114b and DX5 114c. In the preferred embodiment, each of the subdecoder
drivers 110a-110d drive 64 subdecoder circuits, thereby driving all 256 of
20 the subdecoder 20a. Being located in the intersection areas 24a-24b, the
subdecoder drivers 110a-110d are made of significant size, and are supplied
an internally generated boosted voltage (VPP) so that the buses DX1 114a,
DX3 114b, DX5 114c and DX7 114d can be driven to VPP.
The subdecoder circuits 106a et seq. employ a hierarchical word line
25 structure. As discussed earlier, the subdecoder circuits formed in the
subdecoder area 20a and 20b are used to select certain memory cells in the
subarray 18a. This is accomplished by utilizing a plurality of subword lines,
such as the line 72a, constructed in the polysilicon (FG) layer (Fig. 52). The
" MWB bus 86a drives four subdecoder circuits 106a-106d of subdecoder are
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12a. Fig. 13a is a netal |ayout diagramof a section of a

conventional sense anplifier. Figs. 13b-c are netal |ayout diagrans
of an inproved section of the sense anplifier of Fig. 7a, inplementing a
noi se decreasing nethod of the present invention. Fig. 14a is a first

cross sectional view of a sense anplifier using a triple well structure.
Fig. 14b is a second cross sectional view of the sense anplifiePATEND. 2,

using a triple well structure. Fig. 1l4c is PBodke®¥0S5714.9023714.-9
"—l—‘j—’%s';mlls a

t he subdecoder of Fig. 2 using a triple well structure.

bl ock di agganwiekieashfdive BUSWELES ¥SafPd, téa&eﬁa u?dES'F’HHefétﬁéa?er? @(?gagram

and two additional sense anplifiers. IS a schenat
showi ng f bikewisse $he MIVB drus 86a drives fanmadfdmpsabsubdq:odermmmmse-

addi ti onal a3l chakF biea 20b, which each drive a SW bus 72e-72h, extending
into the subarray 18a.

5 Referring to Figs. 9a-9b, a conventional subdecoder circuit 116 and an
alternative subdecoder circuit 118 implement a hierarchical word line
structure. The structures are hierarchical due to the placement of main
word line buses, constructed in M2, over a subword line buses, constructed
in F'G. However, the subdecoder circuits 116, 118 do not facilitate the

10 meshed system of the present invention.
Referring to Fig. 9a, the conventional subdecoder circuit 116, as used
in the Noda hierarchical word line structure scheme, consists of three n-
type metal oxide semiconductor (NMOS) transistors and produces an SW
output. However, the subdecoder circuit 116 requires a non-inverted word
15 line (M_W)'bus, which must also run across the array (not shown) along with
a MWB bus. This effectively doubles the number of main word lines
running in M2 across the array. As a resulf, two main word lines are used
to drive eight subword lines, thereby creating a pitch of 4 subword lines to
every main word line. This pitch, however, does not allow the extra metal
20 space needed for the meshed system of the present invention.
Referring to Fig. 9b, the subdecoder circuit 118 consists of two NMOS
transistors and two p-type metal oxide semiconductor (PMOS) transistors.
The subdecoder driver does not require a non-inverted word line bus (MW)
as in Fig. 9a. As a result, one main word line is used to drive eight
25 subword lines, thereby creating a pitch of 8 subword lines to every main
word line. But, sincé the subdecoder circuit consists of four transistors, it
thereby consumes a lot of space, and to speed the circuit up, some of the

transistors must be made very large.
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Det ai I-ed Description of the Invention In Fig. 1 the reference nunera
10 refers to a nenory devi ce enbodying features of the present invention.

The device 10 is fabricated using a conventional CMOS technol ogy, including
first, second and third netal .| ayers and a polysilicon |ayer. The device 10
al so utilizes netal oxide sem conductor field effect transistors (MOSFETs),
but other types of transistors nmay al so be used, such as bi pol ar pAgpENTEt al

i nsul at or sem conductors. Furthernore, while in am&fegrm&cgﬁmggi(m@_z?f
t he _

Referring to Fig. 9¢c, the subdecoder circuit 106a of the preferred
embodiment comprises the advantages of the above two subdecoder drivers.
The subdecoder circuit 106a uses the MWB bus 86a, the DXB7 bus 44d, and
the DX7 bus 114d to produce the subword line SW bus 72a, thereby

5 allowing the subdecoder circuit 106a to be constructed with only-three
transistors 120a-120c. Since the DX7 bus 114d runs only in the subdecoder
20a, and does not have to run horizontally across the array, the main word
line pitch across the subarray 18a remains at eight subword lines for every
main word line. As a resﬁlt, there is sufficient metal space for the power,

- 10 signal and subdecoder meshes 54, 56, 58 and 60, and the DXB bus 44 (Fig.
3) of the present invention. '

In operation, the signals on the MWB bus 86a and DXB7 bus 44d,
designated as MWB and DXB7, are negative logic signals, i.e. they are high
in the standby mode, low in an enable mode. When the signals MWB and

15 DXB7 are both low, an output signal on the subword line SW bus 72a is
driven to a selective high level. When only one of the signals MWB or
DXB?7 is high, the output signal on the subword line SW bus 72a is driven
to a non-selective low level. In the standby or precharge mode, i.e., when
all of the MWB and DXB signals are high, all subword_lines SW are set to
20 low. o ‘
An advantage of the subdecoder circuit 106a is that a subthreshold
current in the row decoders and DXB drivers is primarily determined by
NMOS transistors 120a, 120b. As a result, a low standby current is
achieved during standby or precharge mode. This is because a gate with for |
25 the NMOS tranisistors 120a, 1205 can be narrower than that of PMOS
transistors, and NMOS transistor cutoff-transition characteristics are
sharper than that of PMOS transistors.
Other advantages of the subdecoder circuit 106a are that the

subdecoder circuit 106a provides extra metal space for the power, signal and

e —
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8 ibhvention, the device 10 is a 256 Mit dynam c random access nenory
(DRAM, it should be understood that the present invention is not |limted
to use with a 256Miit DRAM but nay be used in conjunction with other

devi ces having arrays, including a programmable array logic, a | Gbit DRAM
and ot her nenory devi ces. The device 10 includes a set of array

bl ocks of menmory cells, such as an array block 12, a group of pRATHNT -
14f, and a group of mmin address decoders 16a - DétketdNar &774d¥E 6GF3s2)16b,
16e, 16h and 16k are row decoders and decoders 16a, 16c¢, 16d, 16f, 16g,

16i, 16j sulslet6demneestes i) 56 G8dand 60]hadatheayubdeodet 2itcuit @06at ed by
oo i oaEtoyed i3, sesd pardrmance. The Speed f the subdecoder cireutt 106ais " <
directly proportional to the ability of the DX7 bus 114d to transition from
low to high. Since the DX7 bus 114a is driven by the subdecoder driver
5 110a, and since the subdecoder driver is located in the non-crowded _
intersection area 24a, it can be made of sufficient size. Furthermore, the
DX7 bus 114a is constructed in M3, which has the lowest resistance of the
three metal layers. Thus, the DX7 bus 114a produces a sharp rising wave
form, thereby achieving high speed activation of the SW bus 72a. In the
10 preferred embodiment, a gate width (not shown) of the NMOS transistor
120b of is narrower than that of a gate width (also not shown) of the NMOS
transistor 120a, thereby improving speed and layout area optimization. For
example, in the preferred embodiment, the gate widths of transistors 120a
and 102b are 2.2 microns and 1 micron, respectively. The narrow gate
15 width of transistor 120b contributes to smaller load capacitance and faster
fall times for signals'on the DXB bus 44d. As a result, the DX bus 114d
achieves faster rise times. In addition, the gate width of 120a is set to the
sufficient value for falling speed of the subword line SW.
Referring to Fig. 10a, the sense amplifier circuit 98a comprises a
20 latch section 122a and an equalizer section 124a. The latch section 122a
comprises two NMOS transistors 126a-126b, connected between the bit line
buses 70 and 104a and a first latch bus 128. The latch section 122a also
comprises two PMOS transistors 130a-130b connected between the bit line
buses 70 and 104a and a second latch bus 132. All four transistors 126a,
25 126b, 130a, 130b are cross-coupled in a conventional latching manner for
storing signals from the bit line buses 70 and 104a.
The equalizer section 124a includes three NMOS transistors 134a-
134c for equalizing the BL1 bus 70 and the BL1B bus 104a during the
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exi st, they may be represented by address pads 14a - 14d, which are decoded
by main address decoders 16a - 161. The mai n address decoders 16a - 161
represent a plurality of row and colum decoders. The row decoders generate
signal s including mai n-word signals MAB and subdecoder control signals DXB,
and the col um decoders generate signals such as col um sel ect signals-YS.
These signals are controlled by different address signals fron1phﬁmﬁ@§ress

pads 14a - 14d, as discussed in greater detail bﬁlogﬁé'et No 5772‘@@@?@‘( 12
'S

which is representative of the 16 Mdit array bl ocKs,

dos: gnat YRG0y Rcprcifiatke MdES. e BURY IRl Taf: %Jﬂ%ﬁ%i??f ot
128K of roemtrolled blysart @qualigationhxsl £36.0ws by 256 col ums). Power is

supplied to the devic 10 t hr ou power pads. 1l4e and 14f. The pad 14e is
the positive sﬁ'b e §enee %%rdmrgmé eqraprises gnlas¢h er nal

pover s u%@cﬁoﬁ”fﬁZﬁ Q?l‘f‘fg.n eQia1Raf sééfion $24B%oRedRtdd’f the bit line buses
5 104b-104c. The latch section 122b and the equalizer section 124b are also
connected to the two latch buses 128, 132 and the equalization bus 136,
respectively.
Referring to Fig. 10b, a further reduction in the size of the sense
amplifier 22a is achieved by other layout improvements. The equalizer
10 sections 124a and 124b are constructed in shapes of alternating “I’s” as
discussed in greater detail below with reference to Fig. 11a. The latch

sections 122a and 122b are constructed utilizing “H” shaped moat regions,

as discussed in greater detail below with reference to Fig. 12a-b.
Refeiring to Figs. 11a-11b, to reduce the size constraints of the

15 equalizer section 124a caused by the transistors 134a-134c, a T-shaped gafe
region 138a (Fig. 114) is utilized. The equalizer signal bus 136 creates a
gate for each of the transistors 134a-134c. In a similar manner, the
equalizer section 124b utilizes an inverted T-shaped gaté region 138b. As a
result, the gate regions 138a, 138b can be compacted together, while still

20 maintaining a required moat isolation distance 137 between the gate
regions 138a, 138b. In so doing, a width 140 of the two gate regions is
smaller than a conventional width 142 of two square gate regions 144a and
144b, as shown in Fig. 11b, and a-smal_l sense amplfier circuit 22a
corresponds to the small memory cell circuit 64 (Fig. 5a).

25 Referring to Fig. 12a, the sense amplifier 22a also comprises an H-
shaped moat 146. The BL1 bus 70, constructed in M1, must cross the
BL1B bus 104a, also constructed in M1, at the H-shaped moat 146 without
electrically intersecting. Furthermore, the BL1 bus 70 must drive a
transistor gate 148a and the BL1B bus 104a must drive a transistor gate
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suppily vol tage (VSS) power pad and is connected to an external ground (al so
not shown). 9

Referring to Fig. 2, the nenory cells of the subarray 18a are sel ected by
signals fromtwo groups of address subdecoders 20a and 20b. Likew se,

PATENT
Docket No. 5774.30 (GT3-2)

148b. At a crossing point 150, the BL.1B bus 104a is connected to the
transistor gate 148b, constructed in FG, which runs under the metal layers.
The gate 148b not only serves to allow the BL1B bus 104a to cross the BL1
bus 70, but it is the gate for the transistor 130b. After crossing the BL1 bus
5 70, the gate 148b is reconnected to a connecting bus 152, also constructed in
M1, thereby electrically connecting the BL1B bus 104a to the connecting |
bus 152. Similarly, the BL2 bus 104b and the BL2B 104c bus also cross in
the H-shaped moat 146.
Referring to Fig. 12b, these connections create an M1 to FG to M1
10 change and construct the two PMOS transistors 130a-130b. Not only does
this change provide a size reduction, it does so without using an additional
metal layer. |
Furthermore, the H-shaped moat 146 solves another problem
associated with the meshed system, that is, noise on the bit line buses 70
I15 and 104a-104c. Noise at the sense amplifiers 22a-22c¢ is often caused by
signal buses constructed in M3 overlapping the bit line buses 70 and 104a-c
constructed in M1. Since the bit line buses 70 and 104a do a crossing
pattern, any noise or capacitive coupling induced from signal buses
constructed in M3, such as the CF bus or the YS bus, will be the same for
20 both the BL1 bus 70 and the BL1B bus 104a, thereby effectively canceling
the effect of noise. Likewise, any noise will be the same for the BL2 bus
104b and the BL2B bus 104c.
Referring tb Fig. 13a, addition noise protection from signal buses
constructed in M3 overlapping the bit line buses 70 and 104a—c constructed
25 in M1 can be reduced through M2 shielding. For example, in conventional
prior art designs having first and second buses 154a-154b constructed in M1
and running in a vertical direction, and having a third bus 154c constructed
in M3 which also running in a vertical direction, noise is aggravated. Noise
is induced from the third bus 154¢ to the first and second buses 154a and

-21- Sheet Has Been Replaced

||I|\I|l lIlIl\ i



the menory cells of the subarray 18b are selected by signals fromtwo
groups of address subdecoders 20c and 20d. The menory cells of subarray 18a
are read by two groups of sense anplifiers 22a and 22b. Likew se, the
menory cells of subarray 18b. are read by two groups of sense anplifiers 22b
and 22c. The sense anplifiers 22a-22c intersect with the subdecoders

20a-20d, at intersection areas 24a-24f. In this way, intersecti paqgas
24a- 24f are created by the extension of sense aﬁBEkEd ﬁfo A7 (ATSS and

subdecoder areas 20a-20d. Referring tOgFI g. h
act as ell&eth,istiede £¥y 6vérda lé\@i?li/uﬂ‘i’ﬂ&heté%rﬁ %f‘ébtt}(fne it
mai n VDD _and VSS povve% buseg and respective #ﬁ) ngwsgﬂ VSS

power bush@ssﬂ'enﬁﬂtﬁfﬁd mtbﬁ;lammerea of Dhm'ldpw'Ehlslﬂ)nmeml alegigri @hhty of

a Si 1 conectiepblie Sofécrlly W end6858s 1548, TEeRere iticalasly 2 Secona

netal | awensiti®e to abdse';l subhrad R Bit T Db B azE&QﬂMQfottdlfé yﬁ%és%ht' ayers

M, is electricall i sol ated fromeach other, but ma
ectri Cé'vgygn Hgne é@, in the conventional design, a group of other buses

156a-156d constructed in M2 and running in a horizontal direction have
little to no shielding effect, as shown.
Referring to Figs. 13b-13c, the preferred embodiment reduces the
noise between buses running in the same direction by improving the
10 shielding effect of the M2 buses. In the preferred embodiment, the BL1 bus
70 and the BL1B bus 104a are constructed in M1 and run in the vertical
direction. Furthermore, the CF bus 61a is constructed in M3 and runs in
the vertical direction, just above the two bit line buses 70 and 104a.
Located between the CF bus 61a and the bit line buses 70 and 104a are four
15 buses 158a-158d constructed in M2 and running in the horizontal directions.
Referring to Fig. 13b, one technique for reducing noise is used in a
situation where the M2 buses 158a and 158d are noisy, active lines, such as
parts of the sense amplifiers, and the M2 buses 158b-c are inactive, quiet
buses, such as a power supply bus, a first technique is used. Instead of
20 . having some of the M2 buses 158a-158d only extending across one of the bit
line buses 70 and 104a, as shown in Fig. 13a, the M2 buses 158b-158¢ now
- extend over both bit line buses. In this manner, the M2 buses 158a-158d
provide more of a shielding affect from any noise from the CF bus 61a.
Refeﬁ'ing to Fig. 13c, in a situation where two of the M2 buses 158a
25 and 158d are inactive, quiet buses, such as a power supply bus, and the
| other two of the M2 buses 158b,158¢ are active, noisy buses, a second
technique is used. In this case, the bit line buses 7 0 and 104a are better
shielded from the noise of the CF bus 61a by the quiet M2 buses 158a,
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at intersection points using through-holes. Each netal |ayer ML, M, M

al so has associated therewith a thickness such that the thickness for M3 is
greater than the thickness for M2, which is greater than the thickness for
ML. A first VDD bus 30, conprising a conductor constructed in the
third netal layer M3, extends in a vertical path across the subarray 18a. A

first VSS bus 32, also a conductor constructed in M3, extends i A3 i cal
path across the nenory subarray 18a, parallel w 2Pl aply, a
first signal bus 34 and a first colum select YS Ckgggpéj% 2

const r Ut edain Moc bl YK 8l Mo BGEES T550C1B8PARE Atadd Vet El Wi

power buses
possible, thereby maximizing their shielding affect.

Referring to Fig. 14a, the well structure of the sense amplifier can
also be size determinative, especially in a situation like the preferred
5 invention where power and signal meshes are utilized. In a first design, a

triple well structure 160 comprising a p well (PW) 162a, a deep well (DW)
164a and a p-substrate (P-Sub) 166 is used for noise protection from a sense
amplifier circuit 170 to a subarray 168a. Likewise, the triple well structure
160 comprises a p well (PW) 162b, a deep n-type well (DW) 164b and the P-

10 Sub 166 for noise protection from a sense amplifier circuit 170 to a subarray
168b. Although the wells 162a, 162b, 164a, 164b and substrate 166 may

have various bias arrangements, one such arrangement provides:

- Well Bias Name | Bias Voltage

PW qver DW VBBA 167a -1v
15 NW over DW VPP 167b 4.0V
DW Vep167b | 4.0V

P-Sub VBB 167c ov

PW (not over DW) | VBB 167c¢ - 0V
NW (not over DW) | VDD 167d 3.3V

20 Table 1

It is-noted that well biasing is well known in the art, and any descriptions
of bias voltage are merely illustrative, and should not be lifnited to such in
any manner. |
The subarrays 168a and 168b are isolated from the noisy effects of
25 the sense amplifiers 170 by two isolation n wells (NWs) 172a and 172b,
respectively. The NWs 172a, 172b create separation transistors for sharing

one sense amplifier between memory cell arrays located on either side. A

\ |
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10 :32. Afirst subdecoder DXB bus 36, also a conductor constructed in M3,
runs vertically across address subdecoder 20a, outside of the subarray 18a.
A second VDD bus 37a, a second VSS bus 37b and a second signal bus 37c,
conductors constructed in M3, run vertically across the subdecoder 20a and
the intersection areas 24a and 24b. The second VDD bus 37a and the second
VSS bus 37b have a width that is less than a width of the firstPABBNIs 30

and the first VSS bus 32, respectively. A Dhcket NoDSRH14. 305 G323
third VSS bus 40, along with a third signal bus 42 and a second DXB bus 44,
are al so megative! bias \eoltageathatnstdmt&bldd‘emdlem isblatinn éxsepplied 40 theey are

construc ef-evellg lgfs aof&b w ere ﬁ¥e above described separation transistors
and the memory cell transistors are both located. The NWs 172a, 172b are
biased to VPP 167b for electrical isolation. Furthermore, the NW’s 172a,

5 172b are located above the DWs 164a, 164b, respectively, and thereby bias
the Dws to VpPP. The sense amplifier circuit 170 has an additional NW 174,
which is biased to VDD 167d to provide faster operation of a p-type
transistor 176. The advantage for DWs 164a, 164b being biased to VPP is
that the subdecoders are CMOS circuits operating at the VPP voltage level

10 (Figs. 7a, 7b, 14c). On the other hand, because PMOS transistors of the
sense amplifier circuit 170 operate é.t or below the VDD voltage level, the
VDD voltage level is suitable as a bias voltage for the NW 174, instead of
the VPP voltage level. The sense amplifier 170 also has two PWs 178a,
178b, biased to VBB 167c through the P-sub 166. The PW 178a supports a
15 transistor 180a and the PW 178b supports transistors 180b, 180c.

Referring to Fig. 14b, the preferred embodi_r_gent is able to shrink the
well structure of the sense amplifier 24b, as compared to Fig. 14a. The
preferred embodiment utilizes a triple well structure 182 comprising a PW
184a, a DW 186a, and a P-Sub 188, for subarray 18a, and a PW 184b, a DW

20 186b, and the P-Sub 188, for subarray 18b. The subarrays 18a-18b are
thereby protected from the sense amplifier circuit 22b. The triple well
structure 182 also uses well-biasing similar to the illustrative biases
described in Table 1. It is noted, however, that well biasing is well known
in the art, and é.ny descriptions of bias voltage are merely illustrative, and
25 ~ should not be limited to such in any manner.

The subarrays 18a-18b are isolated from the noisy effects of the sense
ampliﬁérs 24b by two isolation NWs 190a, 190b, respectively. The isolation
NWs 190a, 1905 are biased to VPP 167b for isolation. Furthermore, the
isolation NWs 190a, 190b are located above the DWs 186a-186b,

“‘\S\ii‘\ie\iii\\\\i\ii\‘ifﬁii“
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M2, and extend in parallel, horizontal paths across the nenory subarray
18a. The third VDD bus 38 electrically connects with the second VDD bus 37a
wt t hin the subdecoder 20a at their intersection point 45 over the
peripheral circuit area 20a and the first VDD bus 30 at their intersection
point 46 within the nenory subarray 18a. Likew se, the third VSS bus 40
electrically connects with the second VSS bus 37b at their interBATENT

point 47 within the subdecoder 20a and the first YskdtUg038774.30N&4T3-2)
e

i ntersection point 48 within the nenory subarray 18a. Furthernore,

third si gpadpdivety? éﬁ&%&éb@iw !tai&s%'%“BWé WHe pidferiedCandodiHeat difers37C at

their intersection point 49 hin the subdecoder 20a and the first signal

bus I3|4 at flf}dmithei conyensioniad systeon of Figwiltaiin thaé thenselatinnh AWal90=malso

Finally, the second DXB bus | ect.r4 cal | n i th the fi Bb
36 at thePPpPﬂﬁér@’@_c% 1558F ﬁ'é()gQwﬁ’r’ld? ﬁ8r%%8§§§8§’§‘f‘ﬁcﬁﬂﬁcﬁf“?s§’6§ &ZQC of -
the inter ggt 194 RO Atresult, 366 itPaedstor 180d Wrillugierace ebwastlihs gissed in

greater detail with reference to Figs. 5a-6c. Assocj ated wi.ith each
bbs is a tramsistant 176 of Figi ka.uklnvevaro dhe ispeed of the transistor 130d is not

critical to the overall timing of the sense amplifier circuit 90a. Therefore,
although the PMOS transistor 130d is using a VPP biased well, there is no
overall speed degradation. |

There is a size advantage, however, to the isolation NW 190a over the

10 conventional technique described in Fig. 14a. Instead of having the NW
172a for the sole purpose of isolation, and the second NW 174 for the
transistor 176 (Fig. 14a), the two are combined in the NW 190a of the
preferred embodiment, thereby shrinking the spaée of the sense amplifier
24b. Furthermore, a single PW 192 can be used to support the transistors

15 134a-134c.

Referring to Fig. 14c, a triple well structure 193 is implemented for
the subdecoder 20a. The P-Sub 188 and the DW 186a extend throughout
the subarray 18a (Fig. 14b), across the subdecoder 20a, and into a subarray
196. The PW 184a is separated from a PW 198 by an NW 200, which is

20 biased to VPP 167b for isolation. By biasing the NW 200 at VPP 167b, the
SW bus 72a can operate at VPP.

Referring to Figs. 15a and 15b, the sense amplifier 22a includes four
fuses 2022a-202d used for a column redundancy scheme. The two fuses 202b

_ and 202d are used to disable sense amplifier circuits 98a-98b, and the two

25 fuses 202a and 202c¢ are used to disable sense amplifier circuits 204a-204b.
Column redundancy is well known to those skilled in the art; however,
conventional designs result in a dramatic area penalty in the sense
amplifier design due to the fuse placement. Accordingly, in the preferred
embodiment, the fuses 202a-202d are lined in parallel with the bit line

\
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bus with a larger surface area (w dth and thickness) provides a | ower

resi stance current path. The first VDD and VSS bus 30, 32 have a line width
of 1.8 mcrons. The second VDD and VSS bus 37a, 37b have a line
REPLACEMENT SHEET 11  width of 0.7

mcrons. The third VDD and VSS bus 38, 40 have a line width of 1.8 nicrons.
Li kewi se, the through-hol es have associated therewith a di anet ertPATENJEI ng

understood that a through-hole with a larger surfDécket¥a. 5774.30 (GT3-2)

buses 70 and 104a, even for the fuses corresponding to sense amplifiers

located in a different area. In this way, the vertical running CF bus 61a

and the YS buses 35¢-35d need to be offset for only one group of fuses,

thereby providing the maximum space for the power and signal meshes 54,
5  56,58and60.

Although the illustrative embodiment of the present invention has
been shown and described, a latitude of modification, ché.nge and
substitution is intended in the foregoing disclosure, and in certain instances,
some features of the invention will be employed without a corresponding use

10 of other features. For example, the horizontal and vertical directions were
included to make the preferred embodiment simpler to describe, but are not
intended to limit the present invention. Accordingly, it is appropriate that
the appénded claims be construed broadly and in a manner consistent with
the scope of the invention.

This Sheet Has Been Re[ilac
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(dianeter) provides a | ower resistance current path. The through-hol es
| ocat ed above the nenory subarray 18a _h _a-di-areter of 0.6 mcrons, while
the through-holes | ocated above the subdecoder circuit 20a have a dianeter

of 0.8 nicrons. VDD and mm“ E\ ﬂl i ed through the external
pads 14e and 14f the main powe '%8  respectively, as :
previously described in Fig. 3. *Thé ftrst VDD bus 30 is el ect ri PAMENT

connected to the nain VDD power bus 28 thereby sDopkgt Np. BDD4BOGETER)t he
first VDD bus, the second VDD bus 37a, and the third VDD bus 38. The first

VSS bus SWHATEIS QIAIMEBD ISonnected to the main VSS power bus 26 thereby
suppl ying VSS power to the first VSS bus, the second VSS bus 37b, and the
third VSS bus 40. In this manner, a VDD nesh 54 is created by the VDD buses

30,4 37a and 384and i %ﬁﬂ} hoeni6iAd \/ i¥ge-buses 32, 37b and
40.1As a resul t; ea?ﬁggﬁlége cg‘rﬁ‘egm n% rregﬂgés)’ %ﬁgnp%r buses running both
vergical | y andahssmicondaktor substestethavingamain sigface;he subdecoder 20a and

the intersection areas 24a-24b.. Furth th
3 a memory array portion in said main surFac\e/,Dgl %vqgcﬂlsasppﬁsaﬁ%g o§4 and

4 memory cells are arranged in row direction aﬁd in column direction;

5 bit lines each extending in said column direction and each of said bit

6 lines connected to said memory cells; .

7 word lines each extending in said row direction and each of said word

8 lines connected to said memory cells;

9 a first peripheral circuit portion having a plurality of MOSFETSs and
10 said first peripheral circuit arranged adjacent to said memory array portion;
11 an external terminal formed on said main surface of said
12 semiconductor substrate, and a predetermined voltage is supplied to said
13 external terminal from outside of said semiconductor memory device;

14 a plurality of first voltage supply lines each extending in said column
15 direction and formed over said bit lines and word lines;

.16 a plurality of second voltage supply lines each extending in said row
17 direction and formed over said bit lines and word lines, and said second
18 voltage supply lines formed by a conductive layer which is different from
19 that of said first voltage lines,
20 wherein said first and second voltage supply lines are connected each
21 other at the intersection of said first and second voltage supply lines,
22 wherein one of said first and second voltage supply lines is connected-
23 to said external terminal, and
24 wherein said predetermined voltage is supplied to said MOSFETs in
25 said first peripheral circuit portion from said external terminal via said first
26 and second voltage supply lines.
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56 sirgnificantly rWV\er bus resistance fromthe power pads
1l4e and 14f to the ecoder he intersection areas 24a-24b and ot her
circuits, even when t & e VDD and VSS buses 37a and 37b are
narr ow. Afir m sci'rcuit (not shown) drives electrical
signals to the fi rst gnal* bus 34 and the col um decoder 16a (Fig. 1)
drives electrical signals to the YS bus 35, . which is used in serBATENT
anplifiers 22a and 22b. Likew se, main address deDodest M6b5T¥480 (QT8H2A)ves

electrical signals to the second DXB bus 44, in a conventional manner. The

firdt signal b 34 Alsemicimdud:bprcmrygiewidmacdwdﬁ@mdlaéngmal bus 37c

and.the third Slﬂn

2 rein sa1d first voltage supply lines are comprised of a first

conductive layer and said second voltage supply lines are comprised of a
second conductive layer, and said ﬁfst conductive layer is over said second
conductive layer and said first conductive layer has a predetermined
thickness which is thicker than that of said second conductive layer.

o O A~ W

3. A semiconductor memory device according to claim 1, further
comprising:

a second peripheral circuit portion having a plurality of MOSFETSs,
said second peripheral circuit portion being adjacent to said memory array
region in said row direction and being adjacent to said first peripheral
circuit portion in said column direction; and

a third voltage supply line formed in said first peripheral circuit
portion and extending in parallel with said bit lines and into said second

peripheral circuit portion,

© ©® N O O & BN -

ey
o

wherein said second voltage supply lines extend into said second
peripheral circuit portion and connected to said third voltage supply line at
the intersections between said second voltage supply lines and third voltage
supply line.

b b ek
W N =

4. A semiconductor memory device according to claim 3, wherein
said third voltage supply line is comprised of said first conductive layer and

said third voltage supply line is connected to said MOSFET:s in said first
peripheral circuit portion.

b OO -

5. A semiconductor memory device according to claim 4, wherein
2 said first voltage supply lines each has a predetermined width which is |
3 larger than that of said third voltage supply line.
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12 42 thereby creating a signal nesh 58 across the subarray 18a and the
subdecoder 20a. Likewi se, the first DXB bus 36 electrically connects with

t he second DXB bus 44 thereby creating a subdecoder nesh 60 across the
subdecoder 20a. ;grths,n&ﬁnﬁ”’Fﬁzkslgnal and subdecoder neshes 58 and 60
are able to conn the s fiers 22a-22b, the subdecoder 20a, and
the intersection a ﬁgﬂﬁ ny different conbinations. APATRENIT not
shown, there are nat buses construct eHocketMi02 59 7223 (QTRR)
hori zontal |y across the sense anplifier circuit areas 22a an ome of
t hese buses are connected to other signal buses, such as the YS bus 35.

Referring to Fi6q. , the VDD, VSS, signal and subdecoder neshes 54,
1 A semiconductor memory device according to claim 5, further

comprising:

an insulating layer formed between said first conductive layer and
said second condud:ive layer, said insulating layer has a first through hole
through which said first and second voltage supply lines are connected and
a second through hole through which said second and third voltage supply
lines are connected wherein said first through hole has a predetermmed
diameter which is larger than that of said second through hole.

o N OO A N

7. A semiconductor memory device according to claim 6, wherein
said memory cell is comprised of a MOSFET and a capacitor element

connected in series, and said capacitor element is formed over said
MOSFET. '

WO N =

8. A semiconductor memory device according to claim 4, further
comprising: |

a sense amplifier circuit portion being adjacent to said memory array
portion in said column direction and being adjacent to said first peripheral
circuit portion in said row direction, wherein said MOSFETs in said first

peripheral circuit portion constitute sense amplifier driver circuit.

o 0 OGN =

9. A semiconductor memory device according to claim 8, wherein
a plurality of signal wirings extending in row direction in said sense
amplifier circuit portion, said signal wirings are comprised of said second
conductive layer. '

WO NN =

1 10. A semiconductor memory device according to claim 4, wherein

sub-decoder circuit is formed in said second peripheral circuit portion, and

]



56, 58 and 60 actually represent many vertical and horizontal lines for
each nesh, thereby nore buses for the surrounding circuits, and
decrea5|ng th reS|stanc h mesh. For exanple, the subarray 18a has
mul tiple VDD bu ‘ﬁk%‘:\l ng in M and nultiple VDD buses 30a-30d
running in M3, e*main VDD bus 28 (Fig. 3), thereby decreasing
the overall resi S°tar'ice of the VDD nesh 54. Likew se, the subarréﬁ as
mul tiple VSS buses 40a-40d running in M and mul anketmmmy
running in M3, all tied to the main VSS bus 26 (Fig. 3), thereby decreasing
t heB over asaidr msb-decoder cifcuibhagIsrorinputsrminals andraraddtpubtertrmﬁdi,eaVDD

VSS | .and _suhdecod 54, 56, ..58 and 60,
{nc® subar A Ia PRGN HErsSates chnieoLliBe AP ectR BAARILERit (r)

busgs 6131:&%11{&15‘ %ﬂgsédﬁr&bfcﬁhh)é is 'Eoﬂﬁecifeﬁrto' wato%tbﬁttta é}.'”“ decoder s
16a, 16¢, 16d, 16f, 16g, 16i, 16j and 161 (Fig. 2), "and t1pl e subdecoder

buses (DXB1, DXB3 DXB5, DXB?) 44a- 44d runni ng hori zont aI ly in M2, for
conpection to % ecoder I‘CUI ts 20 and ZObO(JE g, ﬂl rﬂ) the first
DXB' bus 36. Fu her pRIcn e‘ﬁnory evice accor 0c wherem

2 said main word line and said sub-decoder control signal are comprised of

3 said second conductive layer.

1 12. A semiconductor memory device according to claim 11, wherein
2 said second voltage supply line has a predetermined width which is larger

3 than that of said main word line.

13. A semiconductor memory device according to claim 11, further
comprising:

. a fourth voltage supply line formed in said memory array portion and
comprised of said second conductive layer, and said subdecoder control line
extending in said row direction arranged in the center of said memory array
portion and said fourth voltage supply line extending in said row diréction,
and said second and fourth voltage supply lines are arranged at the both

0 N O g W =

sides of said sub-decoder control line.

14. A semiconductor memory device according to claim 13, wherein
2 said fourth voltage supply line is connected to said first voltage supply line
3 at the intersection of said fourth and first voltage supply lines.

15. A semiconductor memory device according to claim 1, further
comprising:

row select lines formed in said memory array portion and comprised

0N =

of said first conductive layer;
. —

-30- eet Has Been Re{ilaced

\\l\\l\\ \Ill\\ i



Fig.:4, power buses 30a-30d, 32a-32d, 38a-38d, 40a-40d are | ocated near an
outer edge of the subarray 18a than the signal buses 6la-61d, 44a-44d. As
REPLACENMENT SHEEF— 13 aresult,

resi stance of th |s reduced, while the resi stance for the
signal buses, Im}m ' the interior edge of the subarray 18a, are
relatively conS| ther t hereby maki ng signal propAQEN®N
Docket No. 5774.30 (GT3-2)
5 row decoder circuit selecting a predetermined row select line into row

6 select lines, wherein said first voltage supply line has a predetermined
7 width which is larger than that of said row select line.

16. A sefniconductor memory device according to claim 15, further
comprising:

signal lines which is different from said row select line, extending in
said column direction in said memory array portion, said signal lines
comprised of said first conductive layer.

G bW N

17. A semiconductor memory device according to claim 18, further
comprising:

a fifth voltage supply line comprised of said first conductive layer and
being extending in said column direction.

WD -

18. A semiconductor memory device according to claim 17, wherein
said signal lines extend at the center of said memory array portion in said
column direction, and said first and fifth voltage supply lines are arranged
at the both sides of said signal lines. |

A ON =-

19. A semiconductor memory device, comprising:

a semiconductor substraté;

a sub-array portion including a plurality of memory cells each being
arranged at the intersection of bit line extending in a column direction and
word line extending in a row direction;

a first peripheral circuit portion being adjacent to said sub-array in
said row direction; |

a second peripheral circuit portion being adjacent to said sub-array in
said row direction;

W 0 N O 0 b W N =
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through the signal buses relatively consistent. Referring to Fig. b5a,
the electrical C(;Wﬂ*fhe' buses shown in Fig. 4 are nade at
intersection poi ocat ed ah nory cells. An intersection point 48a
denot es where the ‘m\“ lﬁﬁ s the VSS bus 40b. An electrical
connection is made\(m us 32b and the VSS bus 40b using a

t hrough- hol e 62, | ocated dbove a menory.cell circuit 64. PAFENTI ng

to Figs. 5a-5b, the nenmory cell circuit 64 of tBockdrdN62A5T18300@TIeEs a
conventional, one capacitor and one transistor type DRAM cell. For exanple,

ajgapaci t or 62 third gertphdral vhenitopaitivre ab thaiftersettoadf sadd dire8 and
Li kew se, transistor, 69 is fornmed with the source and drain connected to

tht storﬁ%f@ BénP eﬁﬁhcﬁc‘ﬁttpqlﬂ%‘sz BL1) bus 70, respectlvel y, and the gate

copnected to avoi d
aﬁg coupling % se céﬁ%gvbﬁa%e%@%%@%ﬁ uses e cel ?lu%ﬁucture
of3t he pdiafeenroadandﬁormedrdverssaﬁdbaphnesrandawobdﬂmgsne (COB) structure.

Thiis structure f jtates th nsitive.n ureo the hus 70 and
eh4bl es operatd B ﬁ‘r\ﬁh’ttﬂcﬂftseﬁ (’I@ tagasupply Z#q n%mgmsalg row

15 direction and formed over said bit lines and word lines, and said second
16 voltage supply lines formed by a conductive layer which is different from
17 that of said first voltage lines, and said second voltage lines formed over
18 said sub-array portion and said second peripheral circuit portion;
19 a third voltage supply line comprised of said first conductive layer
20 and extending over said second and third peripheral' circuit portion,
21 wherein said first and second voltage supply lines are connected each
22 other at the inters.ection of said first and second voltage supply lines over
23 sa1d sub-array portion, |
24 | wherein said second and third voltage supply lines are connected each
25 other at the intersection of said second and third voltage supply lines over
26 said second peripheral circuit portion, and
27 wherein said first and second voltage supply lines each has
28 predetermined width which is larger than that of said third voltage supply
29 line.
1 20. A semiconductor memory device according to claim 19, wherein
2 a plurality of MOSFETSs are arranged in said third peripheral circuit

portion, and said MOSFETs are connected to said third voltage supply line.

21. A semiconductor memory device according to claim 20, further
comprising:

a plurality of signal wiring lines extending in said row direction and

W N -

comprised of said second conductive layer.

This g
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noi se fromthe power and signal neshes 54, 56 and 58 | ocated over the cell,
due to the shielding affect of the plate 64. Al t hough the

i ntersection point 48a appears to be located directly over the nenory cel
circuit 64, this is not required, and is only for the benefit of

expl anat i on. Furt”mm’ lu"w ugh-hol e 62 and VSS buses 32b and 40b are
not necessary for "m mﬂlﬁnd not all of the power and sPARENHuses

will be connected to ot Her "buses* Ref er r i Dgcket Nog§£774.300(G%3.-21
first section 76 gives an expanded view of the subarray 18a, show ng nore
signal lines |ocated between the buses shown in Fig. 4. Section 76 has

several signal_and power. buses of various . . .
REPL ACEIVEN?’ SHAET semlconauctor memory fev:ce according to claim 21, further

2 & DEC 138fprising:

3 an insulating film formed between said first and second conductive
layers, said insulaﬁng layer has a first through hole through which said
first and second voltage supply lines are connected and a second through
hole through which said second and third voltage supply lines are
connected, wherein said first through hole has a predetermined diameter
which is larger than that of said second through hole. |

o ~N O O A~

23. A semiconductor memory device according to claim 6, wherein
said memory cell is comprised of a MOSFET and a capacitor element

connected in series, and said capacitor element is formed over said
MOSFET.

H W N =

24. A semicbnductor memory device according to claim 21, wherein
said first conductive layer is over said second conductive layer and said first
conductive layer has a predetermined thickness which is thicker than that
of said second conductive layer.

O N =

25. A semiconductor memory device according to claim 19, wherein
sub-decoder circuit is formed n said second peripheral circuit portion, and
said sub-decoder circuit has two input terminals and an output terminal, a
main word line and sub-decoder control line are connected to said input

terminals and said word line is connected to said output terminal.

N W N =

26. A semiconductor membry device according to claim 25', wherein

2 said main word line and said sub-decoder control signal are comprised of

.33- )
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14 *widths runni ng both verti y and horizontally across it. These buses

i.ncl ude YS busw wi dth 80, the CF bus 6l1a, having a wdth

82, and the VS 32hb, ' g width 84, running vertically in M.

Li kewi se, MAB bus \m\\‘ g a width 88, the DXBl bus 44a, having a

wi dth 90 and thewm , *having a width 92, run horizontally in M.

The signal buses 35a-‘35d, CF 61a, MAB 86 and DXB1l 44a run PATENT
Docket No. 5774.30 (GT3-2)

3 said second conductive layer, énd said second voltage supply line has a
4 predetermined width which is larger than that of said main word line,
1 27. A semiconductor memory device according to claim 26, wherein
2 said sub-decoder control line extending in said row direction arranged in the
3 center of Said sub-array portion and said second voltage supply lines, are
4 arranged at the both sides of said of said sub-decoder control line.
1 28. - A semiconductor memory device including a plurality of
2 memory cells formed on a semiconductor substrate, complementary first and
3 second bit lines to which said memory cells are connected, a first and second
4 MOSFET connected in seﬁes between said first and second bit lines and
5 third.MOSFET connected between said first and second bit 1ir;es,
6 comprising:
7 an active region formed on the main surface of said semiconductor
8 substrate, in order to'form said first, second and third MOSFETs;
9 a first, a second and a third semiconductor region formed in said
10 active region; :
11 an insulating film formed between said first, second and third
12 semiconductor region énd said first and second bit lines, said insulatirig film
13 having a first through hole for connecting said first semiconductor region to
14 said first bit line, a second through hole for connecting said second
15 semiconductor region to said second bit line and a third through hole
16 formed over said third semiconductor region; and
17 a gate electrode arranged between said first and second
18 semiconductor regions, between second and third semiconductor regions and
19 between said third and first semiconductor regioné, .
20 wherein said first, second and third through holes constitute a
21 triangle, and the triangle corresponding complementary bit lines and the

-34- Thjg S
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dirébtly to their corresponding circuits, and therefore do not require a
t.hr ough- hol e onW change directions. Only the VSS buses
32b and 40b hav rough-hole 62 to electrically connect them Wth this
arrangenent, the m‘ s, 80, 82, 84, 88, 90 and 92, is optin zed
for speed and po%\i&%& lm ect. For exanple the widths 84 and 92 of
the VSS buses 32 b "thd width 82 of the CF bus 6la, and RATEENRth 90

of the DXBl bus 44a are wider than the w dths 8MaeckitIo.fETTHBAHGAELY and
| ow power resistance, and to acconmodate the through-hole 62. Meanwhil e,

t22 wi dt tri8oglef carrespehdingeadjabemincorhplementdrydit dindshareMitBrivrses 86, are
rrgzge narrovver th ter%‘ﬁ‘%?hs 82, 84, 90, 92 to conserve netal space.
LTRewi seSYPER 6b and 6c, sections 94 and 96 are shown,
havi ng two and no t hrough- hol es, respectively As a result, two YS buses

and one CF bus ( or two YS buses and one power bus) are creat ed with every
folr sense an@Bifi & semactmdmtommemom dieticesadcondingctoeglainnl 28, MBheielhh and

PFCe T oG] SHEM gt Bl Yoandlo M RUSER, N0 one DXB bus (o

1 30. A semiconductor memory device according to claim 29, wherein
2 said gate electrode has T-shape configuration.
1 31. A semiconductor memory device according to claim 30, wherein

a predetermined fixed voltage is supplied to said third semiconductor

region.

1 32. A semiconductor memory device, comprising:
2 a first MOSFET and a second MOSFET which constitute a sense
3 amplifier circuit, said first and second MOSFETSs each having a first
4 semiconductor region and a second semiconductor region as source and
5 drain; _
6 afirst memory array portion and a second memory array portion at
7 both sides of said first and second MOSFETSs;
8 complementary a first and a second bit lines extending in said first
9 memory array portion, and complementary a third and a fourth bit lines
10 extending in said second memory array portion,
11 wherein said first, second, third and fourth bit hnes are comprised of
12 a conductive layer,
13 wherein said first bit line is connected to said first semiconductor
14 region, and is connected to said third bit line via said gate electrode of .said
15 second MOSFET,

-__’________”______
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two MAB buses and one power bus) are placed with every sixteen sub-
word-line SWhbuses, while still ting acceptable M2 w dth and space
requirenents. In addiu@n/rfﬁri?hs of all the power and signal buses nmay
be optim zed to ccommd m‘“\.ﬂti pl e buses used by each nesh for
-reducing effectiw ‘ for achieving high speed, keeping the
essenti al advanta |5eI d by having the rel axed netal piPATENT

hi er ar chi cal Word i né conf i gurat i on. Docket No. 5774.30 (GT3-2)
REPLACEMENT SHEET 2

0 DEC 1996 wherein said second bit line is connected to said gate electrode of said
st FET and said first semiconductor region of said second MOSFET,

18 and said second bit line is integral with said fourth bit line.
1 33. A semiconductor memory device comprising:
2 a memory array having a main word line, first and second subword
3 lines corresponding to said main word line, a plurality of data lines and a
4 plurality of memory cells;
5 a first subdecoder having an output terminal coupled to said first
6 subword line and a first input terminal coupled to said main word line;
7 a second subdecoder having an output terminal coupled to said
8 second subword line and a first input terminal coupled to said main word
9 line;
10 a first driver, coupled to a second input terminal of said first
1 subdecoder, outputting selection level voltage to be supplied to said first
12 subword line; and
13 a second driver, coupled to a second input terminal of said second
14 subdecoder, out_putting selection level voltage to be supplied to said Second
15 subword line,
16 wherein said memory array is formed in a first area,
17 wherein said first and second subdecoders are formed in a second
18 area which is adjacent to said first area, and
19 ' wherein said first and second drivers are formed in a third area
20 which is adjacent to said second area.
1 34. A semiconductor memory device according to claim 33, further
2 comprising: ' .
3 a plurality of sense amplifiers coupled to said plurality of data lines,
:\
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15 . Referring again to Fig. 3, in addition to the power and signal
meshes 54, 56, and 58 being constructed over the subarray 18a, they are
partially constructed der 20a, along with the subdecoder
mesh 60. Oher ciricuits are nndifiiﬂ to accommopdat e the netal space needed

by the power and Sllmﬁmm “WU 6, 58 and 60,. The nodified circuits
are included in the Joll: }IE®, the subdecoders and t he PAIENECti on

areas, as described Bel ow. Figs. 7a and Docket Dex 55{74.30,6GEBL2) r ay
18a conprising 32 representative nenory cells including the nemory cell 64
of 4Fi gs. 5a- b. whereinesaidrplurality ofisenseagmpdifiers agedinmed ineadbith hoea he

| niger SeCtv'vﬁ{]cha{segdjacent to said first and third areas.

35. A semiconductor memory device according to claim 34,
wherein said first and second, third and fourth areas are
quadrilateral areas, and

© O N O

wherein said third area is an intersection area which is indicated by
extending said second and fourth areas.

—
o

36. A semiconductor memory device according to claim 35, further
comprising: ‘

a first line for delivering a first selection signal to be supplied to an
input terminal of said first driver; and _

a second line for delivering a second selection signal to be supplied to
an input terminal of said second driver,

wherein first and second lines, said main word line and said first and

0o N O g OO N =

second subword lines are extended to the same direction in said ﬁrst area.

37. A semiconductor memory device according to claim 36,

wherein each of said first and second subdecoders has (a) a first
MOSFET having a gate coupled to said first input terminal and a source-
drain path provided between said sécond input terminal and said output
terminal, (b) a second MOSFET having a gate coupled to said first input
terminal and a source-drain path provided between said output terminal
and a ground potential and (¢) a third MOSFET having a source-drain path
coupled to said source-drain path of said second MOSFET in parallel.

0 ~N O O b WO N =

1 38. A semiconductor memory device-according to claim 37,

T



24a,: t
t he pr

he subdecoder 20a, and the sense anplifier 22a of Fig. 2.

ef erred enbodi nent, the sense anplifier 22a includes 128 sense

In

anplifier circuits, Mfier circuits 98a and 98b. Both of
t he sense arrpllfler Ci

re connected to a sense anplifier
100a, which i: [ ﬂi‘ ! m‘ antersection area 24a. The sense
ler circuit 98 egte

t'o a.colum of nenory cells PATENT

driver
anplif

through the BL1 bus 70 (Fig. 5a) and a bit |ineDoBkdéBNb BT 74BR(GTHL

“bot h

constructed in ML, and run vertically across the array 18a. LI

h are
ew se,

the sense anplifier circuit 98b is connected to a colum of nenory cells
through a bit Iine (BL2) bus 104b and a bit line (BL2B) bus 104c,
are also constructed in ML, and run vertically across the array 18a.

102b,
whi ch
Se

etorence Lo Ergs. PIpanioRtRel i deViRd bRl 8 BT o'

amﬂ ifier dri vwhet@ﬁﬁsajdﬁrstrMQSEETusrampaapeZAndl ncludes a plurality of
UI ts (excl

u ns i fier, driyv a and subdecoder drivers
G Loa) S BiheRis SERLs Mﬁ@v&h@%@ﬁ §are n-typ

40. A semiconductor memory device according to claim 39, wherein

W 00 N O O b WO -

whd  mh el ek mdh ed,
A H W N 4 O

a gate width of said third MOSFET is narrower than that of said second
MOSFET.

41. A semiconductor memory device according to claim 40,
wherein a voltage level of a selected subword line is higher than a

high level voltage of said data lines.

42. A semiconductor memory device comprising:

a memory arrdy having a main word line, a plurality of subword lines

corresponding to said main word line, a plurality of data lines and a
plurality of memory cells each of which is arranged to correspond to an
intersection of one of said data lines and one of said subword lines;

a plurality of subdecoder circuits each of which includes (a) p-type

first MOSFET having a drain coupled to corresponding one of said subword

lines and a gate coupled to said main word line, (b) an n-type second

" MOSFET having a source receiving a ground potential, a drain coupled to

said drain of said first MOSFET and a gate coupled to said main word line

and (c) a third MOSFET having a source-drain path coupled between said
drain and source of said second MOSFET;
a plurality of signal lines each of which is coupled to a gate of

corresponding said third MOSFET, wherein one of said signal lines is set to

a selection level; and

I
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num@ral 100b. These circuit§ 100a- 10

are designed to enploy the
advant ages of the low resista

the VDD, VSS and signal nmeshes 54, 56

and 58, as supplied b use 37c
16 The subdecoder \%ﬂ 256 subdecoder circuits, represented
general ly be subdeco “\\\\m\\ a*106d. The subdecoder circuit 106a
PATENT
Docket No. 5774.30 (GT3-2)
16 a plurality of drivers each of which has an input terminal coupled to
17 corresponding one of said signal lines and an output terminal coupled to a
18 source of corresponding said first MOSFET,
19 wherein said memory array is formed in a first quadrilateral region,
20 wherein said subdecoder circuits are formed in a second quadrilateral
21 region which is adjacent to said first quadrilateral region, and
22 wherein said drivers are formed in a third quadrilateral region which
23 is adjacent to said second quadrilateral region.
1 43. A semiconductof memory deice according to claim 42,
2 wherein said third MOSFET is an n-type,
3 wherein said selection level is low level, and
4 wherein said drive circuits are invertor circuits.

44, A semiconductor memory device according to claim 43,
wherein a voltage level of a selected subword line is higher than a
high level voltage of said data lines.

- 45. A semiconductor memory device according to claim 44, further
comprising:
a plurality of sense amplifiers coupled to said data lines,
wherein said sense amplifiers are formed in a fourth quadrilateral
regioh which is adjacent to said first and third quadrilateral regions.

O p O N -

_ 46. A semiconductor memory device according to claim 45,
2 wherein a gate width of said third MOSFET is narrower than that of
3 said second MOSFET.

—’_’_________,__,___
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illustrates a hierarchical word line structure utilized in each of the
remai ni ng subdecoder ,Wcoder circuit 106a is connected to
t he DXB7 bus 44d and :t bus 86a, ich is routed to the four
subdecoder circuits 10@@%&,’[“@” connector bus 108, constructed in
ML. The subdecoder cir ¢ Im connected to a first subdecoder
driver 110a, located in the intérs®ction area.24a, along with t IRATENE
anplifier driver 100. Likew se subdecoder circui DockefNA.0BH7488 (GTHht ed
to subdecoder drivers 110b-110d, located in the intersection areas. The
subdecoder 20a47s dissemseohdrictér deviee donaprisingt ow. Referring to

Fi % 8, two subdecoderqggéli vers, 110a-,110d are located in intersection area
24& whil e t he2BtHERY EIBORICEESWESsi ver s 110b-110c are located in the

| ntprsecti on apgde]déitical Kort 16 ReARside 38 Qg conprises an inverter,
V\A‘li%h convertsﬁtﬁhe DXBc7 [}S’s 44491%t tagﬂanﬁrl n%elrate ghbdecoder (DX7) bus 114d.
Li kéwi se, the auficsboonductor electridallyp connected to said ebx@ticad porDdBd 44b and

DX 44c tp inverted subdecoder buses DX1 114a, DX3 114b and DX5 114c. In
Spesedis '

t he® pref € YEF FANE 2TE2%h of the subdecoder

6 a second conductor disposed over said array, wherein said second
7 conductor crosses said first conductor at a cross point in said array;
8 a peripheral circuit located outside of said array, wherein said
9 peripheral circuit is electrically connected to said second conductor, and;

10 means for electrically connecting said first and second conductors at

11 said cross point,

12 wherein said peripheral circuit is electrically connected to said

13 electrical port via said first and second conductor.'
1 48. The apparatus of claim 47 further comprising: .
2 a third conductor disposed outside of said array, wherein said third
3 conductor crosses said second conductor at a second cross point outside of
4 said array and,
5 means for electrically connecting said second and third conductors at
6 said second cross point,
7 wherein said peripheral circuit is electrically connected to said second
8 conductor via said third conductor.

49. The apparatus of claim 47 wherein said second conductor is

2 formed in a separate layér from said first conductor.

1 50. The apparatus of claim 48 wherein said second conductor is:

2 formed in a separate layer from said third conductor.
\
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drivers 110a-110d drive 64 subdecoder circuits, thereby driving all 256 of
t he subdecoder 20a. W i ntersection areas 24a-24b, the
subdecoder drivers 1 are made of significant size, and are supplied
an internally gener at % (VPP) so that the buses DX1 114a,
DX3 114b, DX5 114c anh Mﬁ driven to VPP. The subdecoder
circuits 106a et seq. ta Hl erarchical word |ine structurePABENT

di scussed earlier, the subdecoder circuits for‘nemdcketmao_mm%ya
20a and 20b are used to select certain nenory cells in the subarray 18a.

This is accorrpsilsheﬂ‘lieyappaﬂajtamgcbmm 4rladvhém1ﬁfsaﬂdlmwa9| ibiangfeméxen as the
| ine 72a, constr the polysilicon (FGQ zﬁ/ (Fig. 5a). The MAB bus
dri vy gn l§ @tﬂfg"’%?rc&?ﬁ ts angomeneyy ¢fllsubdecoder are

1 52, The apparatus of claim 47 wherein said peripheral circuit is a
2 sense amplifier driver.

1 53. The apparatus of claim 47 wherein said means for electrically
2 connecting comprises a through-hole.

1 54. The apparatus of claim 47 wherein said electrical port is a

2 power pad, said first and second conductors are power buses.

1 55. The apparatus of claim 52 further comprising:

2 a first signal bus disposed over said array;

3 a second signal bus disposed over said array, wherein said second

4 signal bus crosses said first signal bus at a second cross point in said array;
5 | and |

6 means for electrically connecting said first and second signal buses at
7 said second cross point.

56. The apparatus of claim 51 wherein each of said memory cells
' comprises:

a memory storage circuit;

a subword line; and

a main word line; |

wherein said main word line is arranged in a hierarchical structure
with said subword line.

~N OO N -
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17 720a, whi ch each drive a SWbus 72a-72d, extending into the subarray
18a. Likew se, the MMB bus 86a drives four additional subdecoder circuits

i06e- 106h of subdecJo_ggr/@r,aa_Z-Oub—’wlT'rch each drive a SWhbus 72e-72h,
extending into the subarray 18a E‘ Referring to Figs. 9a-9b, a
conventi onal subdec \c“ !&nd an alternative subdecod It
118 inpl ement a hi er Nm ‘lﬂm e structure._The structureg‘ﬁftWIlij
h| erarchical due to the bl dcenent of main word | ilpecketd¥e. STEL30(GTFSR) i n
over a subword |jne buses, construct ed in FG However, the subdecoder

_ci rtuu ts 116, 978 ddhpapparatusieficdlaime ﬁe@lﬁ'&ﬁrs%mmsmgtah@ﬂgd@gdﬂr
[ nvgnt [ 0N rgmt corﬁ%ﬁgﬁié %eteotxjéhglstgzas t he conventi onal subdecoder circuit

116, as use

1 58. The apparatus of claim 57 wherein said subdecoder circuit is
2 - connected to said peripheral circuit. '

59. A method for supplying power and signals on an array—type
sem1conductor device comprising:

supplying power to a power source located outside said array;

forming a first power bus connected to said power source and
disposed over said array; |

forming a second power bus over said array, such that said second
power bus crosses said first power bus at a cross point in said array;

electrically connecting a peripheral circuit located outside of said
array to said secondpower bus; and

O O N o A N =

b
o

electrically connecting said first and second power buses at said cross
point.

b
=

60. The method of claim 59 further comprising: .

forming a third power bus outside said array such that said third
power bus crosses said second power bus at a second cross point outside
said array;

electrically connecting said third power bus to said second power bus
outside said array; and

electrically connecting said peripheral circuit to said second power

0 N OO O A ON -

bus via said third power bus.
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i n the Noda hierarchical word |i ructure schene, consists of three n-
,Lype netal oxide M transi stors and produces an SW
out put. However, the sub \t\\mﬁuit 116 requires a non-inverted word

line (MAN bus, which & ‘\ cross the array (not shown) along with

a MMB bus. This eff y dbubl es the number of main word Ii éwl ng
in M2 across the array. As aresult, two main rd I ﬂ#ﬁ&&rlve
ei ght subvvord I|nes thereby creati ng a pitch o °&k§ ery
in word lin p|t es not allow the extra, space
needed for t @’é‘{deﬂf% C}é"s"@ Lﬁﬁgﬁ.gﬂwer “Sl ng to

Flzg 9b, mtmhﬁlqoﬂﬁeam e‘%'afrfd’b d%&oﬁ?%%ﬁ b@k 1&%@@%%%@66%&”5 and

two p-type netal oxide“sem conductor transi stors e subdecoder

d@ ver duoetalnlayerequire a non-inverted word line bus (MY as in Fig. 9a. As
a result, one main word line is used to drive eight subword |Iines, thereby

creating a pitch of 8 subword lines to every main word l'ine. But, since the

sypdecoder ciggui t Thaghdrat@s of eléfind Esﬂﬁhéféiﬁssm&tﬁﬂsb%fo% Kedgdmes a | ot

of space, and to speed the circuit up, sone of

2 formed in a separate layer from said second power bus

1 63. The method of claim 59 wherein said array is a memory array.
1 64. The method of claim 63 wherein said peripheral circuit is a

2 sense amplifier driver.

1 65. The method of claim 59 wherein said electrically connecting

2 said first and second power buses is accomplished using a through-hole.

1 66. The method of claim 59 further comprising:

2 forming a first signal bus over said array;

3 forming a second signal bus over said array, such that said second

4 power bus crosses said first signal bus at a second cross point in said array;
5 and :

6 electrically connecting said first and second signal buses at said

7 second cross point.

1 67. The method of claim 66 wherein said electrically connecting
2 said first and second signal buses is accomplished using a through-hole.

-43 -



trafisi stors nust be made very | arge.

18 Referring to Fig. 9c, the subdecoder circuit 106a of the
preferred enbodi nent conprises the advantages of the above two subdecoder
drivers. The subdecoder circuit 106a uses the MAB bus 86a, the DXB7 bus
44d, and the DX7 bus 114d to produce the subword Iine SW bus 72% the&gby

Docket No. 5774.30 (GT3-2)

SYSTEM WITH MESHED POWER AND
SIGNAL BUSES ON CELL ARRAY

Abstract of the Disclosure
A method and apparatus for providing a meshed power and signal bus
system on an array type integrated circuit that minimizes the size of the
circuit. In a departure from the art, through-holes for the mesh system are
5 placed in the cell array, as well as the peripheral circuits. The power and
signal buses of the mesh system run in both vertical and horizontal directions
across the array such that all the vertical buses lie in one metal layer, and all
the horizontal busés lie in another metal layer. The buses of one layer are
connected to the appropriate bus(es) of the other layer using through-holes
10 located in the array. Once connected, the buses extend to the appropriate
sense amplifier drivers. The method and apparatus are facilitated by an
improved subdecoder circuit implementing a hierarchical word line structure.

D-0248930.06
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all owi ng the subdecoder circuit 106a to be constructed with only three
tramsistors 120a-120c. Since the DX7 bus 114d runs only in the subdecoder
70a, and does not have to run horizontally across the array, the main word
| ine pitch across the subarray 18a renmmins at eight subword lines for every
main word line. As a result, there is sufficient netal space for the power,
signal and subdecoder neshes 54, 56, 58 and 60, and the DXB bus 44 (Fig. 3)

of the present invention. In operation, the signals on the MAB bus
86a and DXB7 bus 44d, designated as MAB and DXB7, are negative |logic
signals, i.e. they are high in the standby node, |ow in an enabl e node.

When the signals MAB and DXB7 are both |ow, an output signal on the subword
line SWbus 72a is driven to a sel hi gh |l evel. When only one of the
signals MAB or DXB7 is high, the OEa%dELS|gnal on the subword |ine SWbus
72a is driven to a non-selective | In the standby or precharge
node, i.e., when all of the MAB and DXB signals are high, all subword |ines
SWare set to | ow

10
Y
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12 18b T~16b 16e-1
- 1sl 1& 1‘6f
14 t4e ' ‘ 14e
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An advant age of the subdecoder circuit 106a is that a subthreshold current

in the row decoders and DXB drivers is prinmarily determ ned by NMOS

transi stors 120a, 120b. As a result, a | ow standby current is achieved
This is because a gate with for the NMOS
trani sistors 120a, 120b can be narrower than that offPNCS t ransi stors,

during standby or precharge node.

and

NMOS transi stor cutoff-transition characteristics are sharper than that of
PMOS transi stors.

that the subdecoder circuit 106a provides extra netal ﬁ'ﬁﬂ

si gnal

and

O her advant ages of the subdbdﬁﬂéﬁ«tHﬁGﬁﬁﬂ{

]

38d
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19 subdecoder neshes 54, 56, 58 and 60, and the subdecoder circuit 106a

I nproves in speed performance. The speed of the subdecoder circuit 106a is
directly proportional to the ability of the DX7 bus 114d to transition from
low to high. Since the DX7 bus 114a is driven by the subdecoder driver

110a, and since the subdecoder driver is |ocated h?‘LEE_DQD;ELQMQEd__

I ntersection area 24a, it can be nade of sufficie Size. Furthernore, the
DX7 bus 1l4a is constructed in M3, which has the | oygstneti@fb BéeaR cesk t he

three netal |ayers. Thus, the DX7 bus 114a produces wave
form thereby achieving hlgh speed activation of the t he
preferred enbodi nent, a gate width (not shown) of the ransi stor 120b

of is narrower than that of a gatei? h (al so not; shown) of the NMOS
transi stor 120a, thereby inproving? é d and | ayout area optim zation. For

3%
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exanple, in the preferred enbodi nent, the gate widths of transistors 120a
and 102b are 2.2 mcrons and 1 mcron, respectively. The narrow gate wi dth
of transistor 120b contributes to smaller | oad capacitance and faster fal
times for signals on the DXB bus 44d. As a result, the DX bus 114d achi eves
faster rise times. In addition, the gate width of 120a is set to the
sufficient value for falling speed of the subword line SW __—Refer+imyg
to Fig. 10a, the sense anplifier circuit 98a conprises a |latch sectho 122a
and an equal i zer section 124a. The latch section 122a c Sh & LINREE
transi stors 126a-126b, connected between the bit |ine bus
a first latch bus 128. The latch section 122a al so conpri
transi stors 130a- 130b connected be the bit |ine buses 70 and 104a and
a second latch bus 132. All four tg qiﬂcns 126a, 126b, 130a, 130b are
cross-coupled in a conventional |atching manner for storing signals from
the bit line buses 70 and 104a. The equal i zer section 124a includes
three NMOS transistors 134a- 134c for equalizing the BL1 bus 70 and the
BL1B bus 104a during the

390" J32¢ 350" 35¢" 32d 35d°
m - ] m
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REPLACEMENT SHEET 20 standby or
pre-.charge nodes. The three transistors 134a-134c are controlled by an
equal i zati on bus 136. In a simlar manner, the sense anplifier
circuit 98b conprises a latch section 122b and an equal i zer section 124b
connected to the bit |ine buses 104b-104c. The latch section 122b and the
equal i zer section 124b are al so

5774.30
5 of 12
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connected to the two | atch buses 128, 132 and the equalization bus 136,
respectively. - Referring to Fig. 10b, a further reduction in the size
of the sense anplifier 22a is achi eved by other |ayout inprovenents. The
equal i zer sections 124a and 124b are constructed in shapes of alternating
"T's" as discussed in greater detail below with reference to Fig. 1la. The
| atch sections 122a and 122b are constructed utilizing "H' shaped npat
regions, as discussed in greater detail belowwith reference to Fig. 12a-b.
Referring to Figs. 1la-11b, to reduce the size constraints of the equalizer
section 124a caused by the transistors 134a-134c, a T-shaped gate region
138a (Fig. 1la) is utilized. The equalizer signal bus 136 creates a gate
for each of the transistors 134a- 13 i n a simlar manner, the equalizer-
section 124b utilizes an inverted T ﬁ $ed gate region 138b. As a result,
the gate regions 138a, 138b can be G ghhéct ed together, while still

mai ntai ning a required noat isolation distance 137 betmeen the gate regions
138a, 138b. In so doing, a width 140 of the two gate regions is

T0 FIG. 7a

P e
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smal | er than a conventional w dth 142 of two square gate regions 144a and
144b,” as shown in Fig. 11b, and a small sense anplfier circuit 22a
corresponds to the small nenory cell circuit 64 (Fig. 5a). Ref erri ng
to Fig. 12a, the sense anplifier 22a also conprises an H shaped npat 146.
The BL1 bus 70, constructed in ML, nust cross the BL1B bus 104a, al so
constructed in ML, at the H shaped noat 146 wi thout electrically
intersecting. Furthernore, the BL1 bus 70 nust drive a transistoer—gate 148a
and the BL1B bus 104a nust drive a transistor gate -

" This Sheet Has Been Replaced
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21 148b. At a crossing point 150, the BL1B bus 104a is connected to the
transi stor gate 148b, constructed in FG which runs under the netal |ayers.
The gate 148b not only serves to allow the BL1B bus 104a to cross the BL1
bus 70, but it is the gate for the transistor 130b. After crossing the BL1
bus 70, the gate 148b is reconnected to a connecting bus 152, also
constructed in ML, thereby electrically connecting the BL1B bus 104a to the
connecting bus 152. Simlarly, the BL2 bus 104b aﬁﬁ‘fﬁe*Bt?B—i@Ae—bus also
cross in the H shaped noat 146. Referring topfid, Zq; t he
connections create an ML to FGto ML change and cons . a

transi stors 130a-130b. *Not only does this change pro 'HH, E ductlon
it does so without using an additi @Etal Iayer nore, t he
H-shaped noat 146 sol ves anot her prg Qg1

FIG. 10b
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associated wth the meshed system that is, noise on the bit |line buses 70
and 104a-104c. Noise at the sense anplifiers 22a-22c is often caused by

si gnal buses constructed in M3 overlapping the bit Iine buses 70 and 104a-c
constructed in ML. Since the bit line buses 70 and 104a do a crossing
pattern, any noise or capacitive coupling induced from signal buses
constructed in M3, such as the CF bus or the YS bus;—w-+l—be the sane for

both the BL1 bus 70 and the BL1B bus 104a, thereby @Lffctively cancel jng -
the effect of noise. Likewi se, any noise will be the’ eep Repldgtd?- bus
104b and the BL2B bus 104c. Referring to Fig. iﬁﬁmw noi se.
protection fromsignal buses constructed in M3 overl il | ine
buses 70 and 104a-c constructed inskt4.30an be reduced through M2 shi el di ng.
For exanple, in conventional priorgagtiadesi gns having first and second
buses 154a-154b constructed in ML and running in a vertical direction, and

having a third bus 154c constructed in M3 which also running in a verti cal
direction, noise is aggravated. Noise is intiddgg ,fr4ag the third bus 154c to

the first and second buses 154a—and ~
rd : ! 44d
86a |120c '
} ‘/1050
FIG. 9c _
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22 154b, since they overlap and run in the sanme direction, allow ng the
noi se to be strengthened by the | arge area of overlap. This conventi onal
desi gn can be a problem especially when the buses 154a, 154b are

particularly sensitive to noise, such as the bit [i 70 _and 104a of
the present invention. Furthernore, in the conventlonal de5|gn a grou of
ot her buses This Sheet Has

L i
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156a- 156d constructed in M2 and running in a horizontal direction have
littl-e to no shielding effect, as shown. Referring to Figs. 13b-13c,
the preferred enbodi nent reduces the noi se between buses running in the
sanme direction by inproving the shielding effect of the M2 buses. In the
preferred enbodi nent, the BL1 bus 70 and the BL1B bus 104a are constructed
in ML and run in the vertical direction. Furtherpmre—the—CFbus—6ta is

constructed in M3 and runs in the vertical directign, Lu t above, the two
bit line buses 70 and 104a. Located between the CF it line
buses 70 and 104a are four buses 158a-158d construc H unning in

the horizontal directions. Referring to kig ni que for
reduci ng noise is used in a situatisgm.Jthere the M2 buses 158a and 158d are
noi sy, active lines, such as partsipbf ipe sense anplifiers, and the M
buses 158b-c are inactive, quiet buses, such as a power supply bus, a first
technique is used. Instead of :

- 8q it 22b »-1
1671670 167d 167b  167q Sb—=
720 130b 1340 134b 134c 184b
1840 '
182 mv\ Pw\ (_mv % ’
e ﬁ"‘ J_lQOa N2 1900 L ‘”"
| 186a , P-SUB 186b \
188
FIG, .1 4b e
«+-18q-+e—20q——»+196->
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184a 200 198
PW NW
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188 P-SUB_ |\ FIG. 14c
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havi ng sone of the M2 buses 158a-158d only extendi ng across one of the bit
| i ne buses 70 and 104a, as shown in Fig. 13a, the M2 buses 158b-158c now -
‘extend over both bit line buses. In this nmanner, the M2 buses 158a-158d

provide nore of a shielding affect from any nﬁgig+i{;¥QjIEL£ILbas 6la.
Referring to Fig. 13c, in a situation where t - € M2 buses, K 158a and
158d are inactive, quiet buses, such as a power sﬁﬁg*g”humxs dt he ot her

two of the M2 buses 158b, 158c are active, noi sy t echni que
r shiel ded
a,

is used. In this case, the bit |ine buses 70 and
fromthe noise of the CF bus 6 la by the quiet

5774.30
12 of 12

35a i 610\_ 35¢

- |202af |}

206 204a 98a 98b

FIG. 15b



23 158d. Ther e*“’tﬁeww&ﬁ‘iw buses 158a, 158d are drawn as | arge as

~p053| bl e, there y‘&h’am i Z iR shielding affect. ﬁ @MEN‘Q SHEET
Fig. 14a, the Sfructure f t he sense anpllfler _Pan also be sjize
det ermi nati ve, 20 IDEC f\‘ﬁg sjtuation |ikelt BAEEMENT SHEETS on SGher e

power and signal zéd. In a firns :smgupnapagedpl etonpiged 26
structure 160 co PW 162a, 4 Trim) | (&ged%'% a3 |
p-substrate (P-Sub) 166 i noi se protle u{ ihg@)M pagednb etoapiiedfifer
circuit 170 to a rray 168a. Likew se, the|t® abgraeel | - gégeg@%oe gg@g
conprises a p well (PW 162b, a deep n-type WE|| (DW 164b andfﬁg%
166 for noise protection froma sense anplifigr ]thvfﬁ)lﬁ}{ (win I _
168b. Al though the wells 162a, 162b, 164a, 164b- °"h° al-o—1ECnHY P'm\mi‘#l‘i

various bias arfangenenSYSTEM WETEEMESHEDPOWERND
SIGNAL BUSES ON CELL ARRAY

Cross Reference
This application claims the benefit of U.S. Provisional Application No.
60/005,502, filed Nov. 9, 1995.

Field of Inventio
The invention relates generally to semiconductor circuit design and,
more particularly, to a method and apparatus for interconnecting power and

signal buses in an integrated circuit.

Background of the Invention

As semiconductor technology develops, the number of transistors
included in a single integrated circuit, or “chip,” is becoming larger and the
design rule parameters therefore are becoming smaller. These two
developments contribute to increased metal layer resistance and to
difficulties. associated with this increased resistance. Such difficulties
include ground bounce, cross talk noise, and circuit delays. All of these

" difficulties slow down chip operation and may even corrupt data stored on

the chip. Eliminating the impact of increased metal layer resistance is an
important design challenge in most semiconductor designs, including
designs for dynamic random access memory (DRAM) devices. |

One solution to this problem has been the development of a meshed
power bus system for the chip, as described in Yamada, A 64-Mb DRAM
with Meshed Power Line, 26 IEEE Journal of Solid-State Circuits 11. (1991).
A meshed power bus system is readily implemented in integrated circuits
like DRAMs because of their large arrays of memory cells and the presence

of distributed sense amplifier drivers. The meshed system supplies
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Vel | Bias Name Bias Voltage PW over VEE@ET

167a -1V NW over DW VPP 167b REPLACE
DW VPP 167b 4. 0V P- Sub

167c ov - PW (not over DW VBB 167c O\/
NW (not over DW VDD 167d 3.3V

Table 1 It is noted that well biasing is. well known in the art, and any
descriptions of bias voltage are nerely Al | ustrative, and shoul d not be
limted to such in any manner. The subarrays 168a and 168b are

I solated fromthe noisy effects of the sense anplifiers 170 b

i sol ation @dﬁgma&)emm% tp7the distributed sense amplifier drivers becatse the

system has many power buses running in both horizontal and vertical
directions across the arrays.

The Yamada meshed system may be implemented using a
conventional complimentary metal oxide semiconductor (CMOS) technology,
including first, secoﬁd and third metal layers, each electrically isolated from
each other, wherein the first metal layer represents the lowest metal layer,
the third metal layer represents the upper-most metal layer, and the second
metal layer lies between the first and third layers. The Yamada meshed
system is constructed in the second and third metal layer and includes a

_ positive supply voltage (VDD) mesh and a negative supply voltage (VsSs)
mesh, for the VDD power buses and the VSS power buses, respectively.
Conventional designs have these meshes running over the memory array
and connecting at the sense amplifiers. Connections are made using
through-holes, locatgd in the area of the sense amplifier circuits. However,
the presence of VDD and VSS power buses in the sense amplifiers is
unnecessary, since these circuits do not require either VDD or VSS power
buses, except for well bias. |

As a result, the sense amplifiers, due to their relatively small size
and numerous associated signal and power buses, are adversely affected by
the Yamada meshed system. The Yamada meshed system overcrowds the
sense amplifiers with additional power and signal buses. In addition, the
metal line width required for overlapping through-holes is larger than the

. minimum metal line width and therefore increases the width of the metal
layers even further. As a result, the metal layer over the sense amplifiers
becomes determinative of the size of the sense amplifier circuits.
Accordingly, their size reduction must be realized by tightening the metal

width, inevitably resulting in increased resistance and slower operation.




: respectlvely The NWs 172a, 172b create separation transistors for sharin _Ig

one sense anplifier between menory cell arrays |ocated onREPLA@EMEN'ﬂeSHEéE
REPLACEMENT SHEET 24 negative bias

voltage that is suitable for device isolation is supplied to the P-wells
162s and 162b, where the above described separation transistors and the
menory cell transistors are both | ocat ed.3The NW 172a, 172b are

In addition to the Yamada meshed system, other proposals have been
made for conventional DRAM design. Recently, a hierarchical word line
scheme was prbposed in K. Noda et Al., @ Boosted Dual Word-line Decoding

 Scheme for 256 Mbit DRAM’s, 1992 Symp. on VLSI Circuits Dig. of Tech.
Papers, pp. 112-113 (1992). The Noda scheme includes main word lines,
constructed in the second metal line layer, and subword lines constructed in
a poly silicon layer. The Noda scheme describes two main word lines (one
true, one bar) for every eight subword lines, and is thereby able to relax the
main word line pitch to four times that of the subword line. However, this
pitch would not support an improved meshed power and signal bus system.

Consequently, there is a need for a meshed power and signal bus
system on an array-type integrated circuit that does not limit mesh
through-hole connections to the area of the sense amplifiers, but provides
for such connections at other locations on the array, thereby allowing for a
relaxed metal width over the sense amplifiers and a reduction of the overall
area of the chip with lower power bus resistance.

' Furthermore, there is a need for a hierarchical word line scheme that
supports an improved meshed power and signal bus system, that has a
main word line pitch greater than four times that of the subword line pitch.

Summary of the Invention
The present invention, accordingly, is a method and apparatus for
providing a meshed power bus and signal bus system on an array-type
integrated circuit that does not limit mesh through-hole connections to the
area of the sense amplifiers, but provides for these connections at other
locations on the array, thereby allowing for a relaxed metal width over the
' “sense amplifiers, faster sense amplifier operation, and chip size reduction.

The through-holes for the mesh system are located in the cell array instead
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. biased to VPP 167b for electrical isolation. Furthernore, the NWs 7éﬂ
172b are | ocated above the DW 164a, 164b, respectively, £E@UHE§NE$& 56T
the Dws to VPP. The sense anplifier circuit 170 has an additional NW 174,
which is biased to VDD 167d te provide faster operation of a p-type
transi stor 176. The advantage for DW 164a, 164b being biased to VPP is
that the subdecoders are CMOS circuits ogerating at the VPP voltage | evel
(Figs. 7a, 7b, 14c). On the other hand, because PMOS transistors of the
sense anplifier circuit 170 operate at or below the VDD voltage Ievel,dthe
VDD vol ta | evel s surtable as a bhias voltage for the NW174, instead o
the VPP vgﬁt eRyin pddition tpcbeingslocates) inr the arem ofithe sprse amplifier ¢ireaits178b,

bi dt 8 Qrts ran5| stor
25 8, OIS ot S0 R
Fig. 14b, foheqrecdfiicient lesd)oﬁpowar and sighal basedid the sbAsavamplsfisct ur e Of

the sense anplifjer 24b, as ared to F| The preferred enbodi nent
utilizes a tripri® Wyention in !}Hg amemory sellsa apnanigebas and a

P-Sub 1885 fRirabitpristibalfdys SR4 s@lfc%&%%afn DMbress decoders. Each
subarray is surrounded by a plurality of sense amplifiers circuits,
subdecoder circuits, and VDD, VSS and signal buses connecting to and
running across the subarray. The VDD buses run in both vertical and
horizontal directions across the subarray, with all the vertical buses lying in |
the third metal layer and all the horizontal buses lying in the second metal

: layer, thereby creating a VDD mesh. The buses in each layer are connected
to each other using through-holes located in the memory cell subarray as
well as on the sense amplifier area. Likewise, a VSS mesh and/or a signal
mesh is created using through-holes located on the memory cell subarray.
Once connected, the buses extend to the appropriate circuits, such as sense
amplifier drive circuir:s, and the metal layer and through-hole requirement
over the sense amplifiers is significantly reduced.

The invention also includes a hierarchical word line scheme. To
facilitate the combination of the above-mentioned meshed system and the
hierarchical word line scheme, the Noda hierarchical word line scheme
should also be improved to provide a greater pitch of main word lines to
subword lines. In the improved hierarchical word line system, an
intereection area, created between the sense amplifier and the subdecoder,
includes subdecoder drivers as well as sense amplifier drivers. This
combination provides high speed word line selection and high speed sense
amplifier operation at the same time. |

Once the sense amplifier size is no longer determined by the metal
usage, as provided by the above-mentioned meshed system, an improved

layout technique for the sense amplifier circuits may be necessary to match
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186b, and the P-Sub 188, for subarray 18b. The subarrays 18a-18b are
thereby protected fromthe sense anplifier circuit 22b. The REPPAGEMENT SHEET

structure 182 also uses well-biasing simlar to the illustrative biases
described in Table 1. It is noted, however, that well biasing is well known
in the art, and any descriptions of bias voltage are nerely illustrative,
and should not be limted to such in any_nmnanner. The subarrays

18a- 18b are isolated fromthe noisy effeCts of the sense anplifiers 24b by
two isolation NW 190a, 190b, respectively. The isolation NW 190a, 190b

are bi aSEd}é‘tt VPP 167b f isolation. Furthernore, the isolation NW 190a,
To0b are Pap fnemeseiry ealbsians bisampred layout téchnique includes an

alternating T-shaped gate region for a bit line equalization circuit and an H-
shaped moat region with a metal-to-polysilicon-to-metal change structure for
a latch circuit.

A technical advantage achieved with the invention is the ability to
fully utilize the low resistance design of a meshed power system without
having to increase the size of the peripheral circuits, for example, sense
amplifiers, that are limited in size by their metal layers.

A further technical advantage achieved with the invention is that
l')oth signal and power buses'may freely run in both horizontal and vertical
directions.

A further technical advantage achieved with the invention is that the
design for through-holes located in the array area or on a step difference
compensation area do not have to be made to the minimum design widths
like the through-holqs located in the peripheral area, and therefore the yield
is improved. |

A further technical advantage achieved with the invention is that the
improved hierarchical word line structures are smaller and faster than
conventional hierarchical word line structures.

Brief Description of the Drawings

Fig. 1is a block diagram of a 256 Mbit DRAM embodying features of
the present invention.

Fig. 2 is a block diagram of two subarrays and surrounding sense
amplifiers and subdecoders of the DRAM of Fig. 1.

Fig. 3 is a block diagram of one subarray, two sense amplifiers, and a
subdecoder, as shown in Fig. 2, and a meshed power and signal system

running across the subarray.
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25 respectively, and thereby bias the DW. The preferred [
differs fromthe conventional systemof Fig. 14a in that tﬁgyﬁggﬁﬁpﬁghsh&FT
T90a al so supports the transistor 130d, which corresponds with the
transistor 176 of Fig. 14a. As a result, the transistor 130d will operate
sl ower than the transistor 176 of Fig. 14a. However, the speed of the
transistor 130d is not critical to the oyverall timng of the sense
anplifier circuit 90a. Therefore, although the PMOS transistor 130d is
using a VPP biased well, there is no overall speed degradation. There

is a size advantage,. however, to,.the isolatio 190a over. th
convent i onal tiﬁﬁqﬁf@\éﬁwﬁ&d@ﬁm "lﬁ‘&e.srh P%%?@PWH‘SW%@“P\I\N 172a
for the sQ@rRhePfifarshyiof®@igt on, and the second NW 174 for the transistor

176 (Fig. 14a),_the two are conbined in the NW190a of the
Fig. 5a is a cross sectional view of a memory cell of the subarray of

Fig. 3 with a through-hole connecting two metal layers used in the meshed
power system of Fig. 4.

Fig. 5b is a detailed schematic of a memory cell of the subarray of
Fig. 3.

Figs. 6a-6¢ are layout diagrams of expanded sections of the meshed
system of Fig. 4.

Figs. 7a-b are schematic diagrams of circuits included in the
intersection area, sense amplifier, subdecoder and memory array of Fig. 3.

Fig. 8 is a diagram of the subdecoder circuits of Figs 7.

Fig. 9a is a schematic diagram of a prior art subdecoder circuit
showing the Noda hierarchical word line implementation.

Fig. 9bis a sc]gxematic diag'ram of one subdecoder circuit showing a
hierarchical word line implementation.

Fig. 9¢ is a schematic diagram of a preferred subdecoder circuit
showing a hierarchical word line implementation of the present invention.

Fig. 10a is a schematic diagram of the two sense amplifier circuits of
Fig. 7a.

Fig. 10b is a layout diag'ram of the sense amplifier circuits of Fig.
10a.

Fig. 11a is a layout diagram of a circuit used in an equalizer section
of a conventional sense amplifier.

Fig. 11b is a layout diagram of a circuit used in the equalizer section

. of the sense amplifier circuit of Fig. 7a, utilizing an alternate T-shaped gate

region of the present invention.
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preferred enbodi nent, thereby shrinking the space of the sense anplifier
24b. Furthernore, a single PW192 can be used to support tREPLAGEMENT GHEET
134a- 134c. Referring to Fig. 14c, a triple well structure 193 Is

i mpl enented for the subdecoder 20a. The P-Sub 188 and the DW 186a extend

t hroughout the subarray 18a (Fig. 14b), across the subdecoder 20a, and into
a subarray 196. The PW184a is separated_froma PW198 by an NwW 200, which
is biased to VPP 167b for isolation. By7biasing the NW 200 at VPP 167b,
the . SWbus 72a can operate at VPP. Referring to Figs. 15a and 15b,

the sense anplifid erns22a includes four fuses 202a-202d,used for a. colum
r edundancy ggheﬁ?\;g l?ﬁelstﬂga:’fqﬁ'ge@am °§urﬂ:i°‘§ ki H%Eﬁe?%tcg‘i seghian Qénse
anpl i fi er thisrseuist arBBHASBRircaNof Ry, 20 J&ﬁqﬁgaﬁ%q{mﬂzﬁl&%%e% of 2

di sabl e sense anplifier circuits 204a-204b. Col umm redundancy is known
to those S¥BIABB-in the art; however, conventional designs result in a

G et 2 BERRUSK s BRSSP e U o
12a. _

Fig. 13a is a metal layout diagram of a section of a conventional
sense amplifier.

Figs. 13b-c are metal layout diagrams of an improved section of the
sense amplifier of Fig. 7a, implementing a noise decreasing method of the
present invention. _

Fig. 14a is a first cross sectional view of a sense amplifier using a
triple well structure.’ _ '
| Fig. 14b is a second cross sectional view of the sense amplifier of Fig.
2, using a triple well structure.

Fig. 14c is a cross sectional view of the subdecoder of Fig. 2 using a
triple well structure."

Fig. 15a is a block diagram showing four fuses used for the sense
amplifiers of Fig. 2 and two additional sense amplifiers.

Fig. 15b is a schematic diagram showing four fuses used for the sense
amplifiers of F1g 2 and two additional sense amplifiers. |

Detailed Description of the Invention
In Fig. 1 the reference numeral 10 refers to a memory device

embodying features of the present invention. The device 10 is fabricated
using a conventional CMOS technology, including first, second and third
metal layers and a polysilicon layer. The device 10 also utilizes metal oxide
semiconductor field effect transistors (MOSFETSs), but other types of
transistors may also be used, such as bipolar, and metal insulator

semiconductors. Furthermore, while in a preferred embodiment of the
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enbodi ment, the fuses 202a-202d are lined in parallel with th&&@%‘w !'?—lEET
i

26 buses 70 and 104a, even for the fuses correspondi ng t oRER ers
| bcated in a different area. In this way, the vertical running CF bus 6la
and the YS buses 35c-35d need.to be offset for only one group of fuses,

t hereby providing the maxi mum space for the power and signal neshes 54, 56,

58 and 60. 8

invention, the device 10 is a 256 Mbit dynamic random access memory
(DRAM), it should be understood that the present invention is not limited to
use with a 256Mbit DRAM, but may be used in conjunction with other
devices having arrays, including a programmable array logic, a 1Gbit
DRAM and other memory devices.

The device 10 includes a set of array blocks of memory cells, such as
an array block 12, a group of pads 14a - 14f, and a group of main address
decoders 16a - 16!, v&herein decoders 16b, 16e, 16h and 16k are row
decoders and decoders 16a, 16¢c, 16d, 16f, 16g, 16i, 16j and 16/ are column
decoders. The array block 12 is selected by signals from the address pads
14a - 14d. It should be understood that while more address and signal pads
exist, they may be represented by address pads 14a - 14d, which are
decoded by main address decodel_'s 16a - 16/. The main address decoders
16a - 16! represent a plurality of row and column decoders. . The row
decoders generate signals including main-word signals MWB and
subdecoder control sié‘nals DXB, and the column decoders generate signals
such as column select signals YS. These signals are controlled by different
address signals from the address pads 14a - 14d, as discussed in greater
detail below. '

Array Block 12, which is representative of the 16 Mbit array blocks, is
further divided into 256 subarrays, two of which are shown in Fig. 2, and
are respectively designated by reference numerals 18a and 18b. Each
subarray consists of 128K of memory cells (arranged as 512 rows by 256
columns). |

Power is supplied to the device 10 through power pads 14e and 14f,
The pad 14e is the positive suppiy voltage (VDD) power pad and is connected
to an external power supply (not shown). The pad 14f is the negative

supply voltage (VSS) power pad and is connected to an external ground (also
not shown).

Iy
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Al though the illustrative enbodi mrent of the present inventLﬁEﬁﬂKﬁE@éﬁﬁ]SHEET
shown and described, a | atitude of nodification, change an ' onis
Fntended in the foregoing disclosure, and in certain instances, sone
features of the invention will be enployed w thout a correspondi ng use of
ot her features. For exanple, the horizontal and vertical directions were
I ncluded to nmake the preferred enbodi nen 5 sinpler to describe, but are not
intended to limt the present invention.”Accordingly, it is appropriate
that the appended cl ai ns be construed broadly and in a manner consi stent
with the scope of the |nvent|on

Referring to Fig. 2, the memory cells of the subarray 18a are selected

by signals from two groups of address subdecoders 20a and 20b. Likewise,
the memory cells of the subarray 18b are selected by signals from two
groups of address subdecoders 20c and 20d. The memory cells of subarray
18a are read by two groups of sense amplifiers 22a and 22b. Likewise, the
memory cells of subarray 18b are read by two groups of sense amplifiers
22b and 22c. The sense amplifiers 22a-22c¢ intersect with the subdecoders
20a-20d, at intersection areas 24a-24f. In this way, intersection areas 24a-
24f are created by the extension of sense ampliﬁer areas 22a-22c¢ and
subdecoder areas 20a-20d. _

Referring to Fig. 3, the pads 14e and 14f act as electrical ports to
supply power to the entire device 10 through main VDD and VSS power
buses 28 and 26, respectively. The main VDD and VSS power buses 28 and
26 supply power to the device 10 through a plurality of buses, located in
different metal layeI:s. The metal layers are layered onto a silicon
.substrate, in the order of: a first metal layer (Ml),i a second metal layer
(M2), and a third metal layer (M3). Each of the metal layers M1, M2, M3 is
electrically isolated from each other, but may be electrically interconnected
at intersectiop points using through-holes. Each metal layer M1, M2, M3
also has associated therewith a thickness such that the thickness for M3 is
greater than the thickness for M2, which is greater than the thickness for
M1. _ _

A first VDD bus 30, comprising a conductor constructed in the third
metal layer M3, extends in a vertical path across the subarray 18a. A first
Vss bus 32, also a conductor constructed in M3, extends in a vertical path
across the memory subarray 18a, parallel with the bus 30. Similarly, a first
signal bus 34 and a first column select YS bus 35, conductors constructed in

M3, run vertically across the subarray 18a parallel with power buSes 30 and
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2;7 VWHAT IS CLAI MED | S: 1.~ A sem conduct or rrermryBE?KAéEMENT SHEET

conpri si ng: a sem conductor substrate having a main s

nenory array portion in said main surface, in which a plurality of memory
cells are arranged in row direction and in colum direction; - bit
lines each extending in said colum direction and each of said bit |ines
connected to said nenory cells; MDL& | i nes each extending in said row
direction and each of said word |ines connhected to said nenory cells;

a first peripheral circuit portion having a plurality of MOSFETs and said

[ [ ral. cjircyit r d adjacent to said nenory array portion;
first peri gg-e AE‘ first sugdecoﬂer% bus 36, also a conductor constructed in M3,

runs vertically across address subdecoder 20a, outside of the subarray 18a.

A second VDD bus 37a, a second VSS bus 37b and a second signal bus
37¢, conductors constructed in M3, run vertically across the subdecoder 20a
and the intersection areas 24a and 24b. The second VDD bus 37a and the

~ second VSS bus 37b have a width that is less than a width of the first VDD
bus 30 and the first VSs bus 32, respectively.

A third VDD bus 38 and a third VsS bus 40, along with a third signal
bus 42 and a second DXB bus 44, are also conductors similar to those
described above, except that they are constructed in the second metal layer
M2, and extend in parallel, horizontal paths across the memory subarray
18a. The third VDD bus 38 electrically connects with the second VDD bus
37a within the subdecoder 20a at their intersection point 45 over the
peripheral circuit area 20a and the ﬁrét VDD bus 30 at their intersection
point 46 within the memory subarray 18a. Likewise, the third Vss bus 40
electrically connects with the second VSS bus 37b at their intersection point
47 within the subdecoder 20a and the first VsS bus 32 at their intersection
point 48 within the memory subarray 18a. Furthermore, the third signal
bus 42 electrically connects with the second signal bus 37c at their
intersection pbint 49 within the subdecoder 20a and the first signal bus 34
at their intersection point 50 within the memory subarray 18a. Finally, the
second DXB bus 44 electrically connects with the first DXB bus 36 at their
intersection point 52 in the subdecoder circuit 20a. Each of the intersection
points is achieved using through-holes, as discussed in greater detail with
reference to Figs. 5a-6c.

Associated with each bus is a line width, it being understood that a
bus with a larger surface area (width and thickness) provides a lower
resistance current path. The first VDD and VSS bus 30, 32 have a line
Width of 1.8 microns. The second VDD and VSS bus 37a, 37b have a line




an external termnal formed on said main surface of said gem conductor -
substrate, and a predeterm ned voltage is supplied to sai EB&A@EMENT'SHEET
termnal from outside of said sem conductor nenory devi ce; a
plurality of first voltage supply lines each extending in said colum
direction and fornmed over said bit lines and word |ines; a plurality
of second voltage supply |ines each ext gding in said row direction and
formed over said bit lines and word |ines, and said second vol tage supply
lines formed by a conductive |layer which is different fromthat of said

first volta i nes, . erein said first and second vol tage supply
li nes ar e“@gﬁh@g@eﬁ DRISENSHt &‘gﬁ rd OO and 3% bne B8 #0shave £iline widdhsecond

vol tage sypple/nliAGiss. %%e@ge%%ugﬁg% fos SV %go%gantga%h%?&%y' tage

supply lines'1s connec ermn . rein
sai d pr eddizmetergdt beirigygaderssteogd phatd throaghddSAERa largenistirfddesdrea

DT DT et ] SO (O S2lula S S0nahe (ol "Bhe Hhiosihes ot o
located above the meinory subarray 18a have é diameter of 0.6 microns,
while the through-holes located above the subdecoder circuit 20a have a
diameter of 0.8 microns. |

VDD and VSS power is supplied through the external pads 14e and 14f
the main power buses 28 and 26, respectively, as previously described in
Fig. 3. The first VDD bus 30 is electrically connected to the main VDD
power bus 28 thereby supplying VDD powér to the first VDD bus, the second
VDD bus 37a, and the third VDD bus 38. The first VSS bus 32 is electrically
connected to the main VSS power bus 26 thereby supplying VSS power to the
first VSS bus, the second VSS bus 37b, and the third VSS bus 40. In this
manner, a VDD mesh 54 is created by the VDD buses 30, 37a and 38 and a
Vss mesh 56 is creatéd by the Vss buses 32, 37b and 40. As a result, each
of the foregoing meshes have power buses running both vertically and
horizontally across the subarray 18a, the subdecoder 20a and the
intersection areas 24a-24b. Furthermore, the VDD and VSS meshes 54 and
56 signiﬁcantiy reduce the total power bus resistance from the power pads
14e and 14f to the subdecoder 20a, the intersection areas 24a-24b and other
circuits, even when the widths of the VDD and Vss buses 37a and 37b are
NAarrow. i '

A first peripheral circuit (not shown) drives electrical signals to the
first signal bus 34 and the column decoder 16a (Fig. 1) drives electrical
signals to the YS bus 35, which is used in sense amplifiers 22a and 22b.
Likewise, main address decoder 16b (Fig. 1) drives electrical signals to the

- second DXB bus 44, in a conventional manner. The first signal bus 34
electrically connects with the second signal bus 37c¢ and the third signal bus
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Zé 2. A sem conduct or nmenory device according to claim1,

wherein said first voltage supply lines are conprised of a fgtggégﬁlgéN?tSH@ET

| ayer and said second voltage supply lines are conprised of
conductive layer, and said first conductive layer is over said second
conductive layer and said first conductive |ayer has a predeterm ned
t hi ckness which is thicker than that of fgid second conductive | ayer.

42 thereby creating a signal mesh 58 across the subarray 18a and the
subdecoder 20a. Likewise, the first DXB bus 36 electrically connects with
the second DXB bus 44 thereby creating a subdecoder mesh 60 across the
subdecoder 20a. In this manner, the signal and subdecoder meshes 58 and
60 are able to connect the sense amplifiers 22a-22b, the subdecoder 20a, and
the intersection areas 24a-24b in many different combinations. Although
not shown, there are many additional buses constructed in M2 and
extending horizontally across the sense amplifier circuit areas 22a and 22b. -
Some of these buses are connected o other signél buses, such as the YS bus
35. . _

. Referring to Fig. 4, the VDD, VSS, signal and subdecoder meshes 54,
56, 58 and 60 actually represent many vertical and horizontal lines for each
mesh, thereby providing more buses for the surrounding circuits, and
decreasing the resistance of each mesh. For example, the subarray 18a has
multiple VDD buses 38a-38d running in M2 and multiple VDD buses 30a-30d
running in M3, all tied to the main VDD bus 28 (Fig. 3), thereby decreasing
the overall resistance of the VDD mesh 54. Likewise, the subarray 18a has
multiple VSS buses 40a-40d running in M2 and multiple VSs buses 32a-32d
running in M3, all tied to the main VSS bus 26 (Fig. 3), thereby decreasing
the overall resistance of the VSS mesh 56.

In addition to the VDD, Vss, signal and subdecoder meshes 54, 56, 58
and 60, other buses run across the subarray 18a. These other buses include
multiple column factor (CF) buses 61a-61d running vertically in M3, for
inputs to the column decoders 16a, 16¢, 16d, 16f, 16g, 16i, 16j and 16! (Fig.
2), and multiple subdecoder buses (DXB1, DXB3, DXB5, DXB7) 44a-44d
running horizontally in M2, for connection to the subdecoder circuits 20a
and 20b (Fig. 2) and to the first DXB bus 36. Furthermore, as shown in
Fig. 4, power buses 30a-30d, 32a-32d, 38a-38d, 40a-40d are located near an
outer edge of the subarray 18a than the signal buses 61a-61d, 44a-44d. As
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3. A sem conductor nenory device according to claim1, further

conpri si ng: a second peripheral circuit portion hawHEPLﬂCEMEI(\ﬁ‘I SHEE'pf
MOSFETs, said second peripheral circuit portion being adjacent to said

menory array region in said row direction and being adjacent to said first
peripheral circuit portion in said colum direction; and athird

vol tage supply line forned in said firsééperlpheral circuit portion and
extending in parallel with said bit lin and into said second peripheral
circuit portion, wherein said second voltage supply lines extend into
sai d second peripheral circuit portion and connected to said third voltage
suppl y | i na result)zesistanescof thenpower huses inreducady rwhile thegesistippte fori nes

‘and third e X! ag%alsblgsoelsy a.h grouped toward the interior edge of the subarray 18a,
are relatively consistent with each other, thereby making signal propagation
through the signal buses relatively consistent. _

Referring to Fig. 5a, the electrical connections between the buses
shown in Fig. 4 are made at intersection points located above memory cells.
An intersection point 48a denotes where the VSS bus 32b crosses the VSS
bus 40b. An electrical connection is made between the VSS bus 32b and the
Vss bus 40b using a through-hole 62, located above a memory cell circuit 64.

Referring to Figs. 5a-5b, the memory cell circuit 64 of the subarray
18a comprises a conventional, one capacitor and one transistor type DRAM
cell. For example, a capacitor 65 is formed between a plate 67 and a
storage node 68. Likewise, a transistor 69 is formed with the source and -

.drain connected to the storage node 68 and a bit line (BL1) bus 70,
respectively, and the gate connected to a first subword line (SW) bus 72a,
having a width 74. ;1‘0 avoid any coupling noise caused by the power and
signal buses, the cell structure of the preferred embodiment is a capacitor
on bit line (COB) structure. This structure facilitates the sensitive nature
of the BL1 bus 70 and enables operation without any detrimental effect by
noise from the power and signal meshes 54, 56 and 58 located over the cell,
due to the shielding affect of the plate 64. ‘

Although the intersection point 48a appears to be located directly
over the memory cell circuit 64, this is not required, and is only for the
benefit of explanation. Furthermore, the through-hole 62 and VSss buses
32b and 40b are not necessary for memory cell 64 and not all of the power
and signal buses will be connected to other buses.

Referring to Figs. 4 and 6a, a first section 76 gives an expénded view
of the subarray 18a, showing more signal lines located between the buses

‘'shown in Fig. 4. Section 76 has several signal and power buses of various
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4. A sem conduct or nmenory device according to claim3, wherein said third

vol tage supply line is conprised of said first conductive |IRBRACEMENTSHEET
third voltage supply line is connected to said MOSFETs in said first

peri pheral circuit portion. _ 5. A seni conductor nenory device
according to claim4, wherein said first voltage supply Iines each has a
predeterm ned wi dth which is |arger thanlahat of said third voltage supply
i ne. ' ' _
REPLACEMENT SHEET

widths running both vertically and horizontally across it. These buses
include YS buses 35a-35d, having a width 80, the CF bus 61a, having a
width 82, and the VSsS bus 32b, having a width 84, running vertically in M3.
Likewise, MWB buses 86a-86d, having a width 88, the DXB1 bus 44a,
having a width 90 and the VS8 bus 40b, having a width 92, run horizontally
in M2. The signal buses YS 35a-35d, CF 61a, MWB 86 and DXB1 44a run
directly to their corresponding circuits, and therefore do not require a
through-hole on the subarray 18a to change directions. Only the VSsS buses

. 32b and 40b have a through-hole 62 to electrically connect them. With this
arrangement, the width of each bus, 80, 82, 84, 88, 90 and 92, is optimized
for speed and power resistance eﬁ'ect. For example the widths 84 and 92 of
the VSs buses 32b and 40b, the width 82 of the CF bus 61a, and the width
90 of the DXB1 bus 44a are wider than the widths 80 and 88 for high speed
and low power resistance, and to accommodate the through-hole 62.
Meanwhile, the width 80 of the YS buses 385 and the width 88 of the MWB
buses 86, are made I;arrower than the widths 82, 84, 90, 92 to conserve
metal space. '

Likewise, referring to Figs. 6b and 6c, sections 94 and 96 are shown,
having two and no through-holes, respectively. As a result, two YS buses
and one CF bus ( or two YS buses and one power bus) are created with
every four sense amplifier circuits, while still meeting acceptable M3 width
and space requirements. Likewise, two MWB buses and one DXB bus (or
two MWB buses and one power bus) are placed with every sixteen sub-
word-line SW buses, while still meeting acceptable M2 width and space
requirements. In addition, the widths of all the power and signal buses
may be optimized to accommodate the multiple buses used 'by each mesh for
reducing effective resistance and for achieving high speed, keeping the
essential advantage of high yield by having the relaxed metal pitch of

* hierarchical word-line configuration.
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6. A sem conduct or nmenory device according to claim5, further

conpri si ng: an insulating layer forned between sai d REPACKMENT SHEET
l-ayer and said second conductive |layer, said insulating |ayer has a first

t hrough hol e through which said first and second voltage supply lines are
connected and a second through hole through which said second and third

vol tage supply lines are connected, wherein said first through hole has a
predet erm ned di ameter which is |arger an that of said second through

hol e. :

Referring again to Fig. 3, in addition to the power and signal meshes
54, 56, and 58 being constructed over the subarray 18a, the:f are partially |
constructed over the subdecoder 20a, along with the subdecoder mesh 60.
Other circuits are modified to accommodate the metal space needed by the
power and signal meshes 54, 56, 58 and 60,. The modified circuits are
included in the sense amplifiers, the subdecoders and the intersection areas,
as described below.

Figs. 7a and 7b illustrate the subarray 18a comprising 32

. representativé memory cells including the memory cell 64 of Figs. 5a-b.
Furthermore, the subarray 18a is shown in relation to the intersection area
24a, the subdecoder 20a, and the sense'ampliﬁer 22a of Fig. 2.

In the preferred embodiment, the sense amplifier 22a includes 128
sense amplifier circuits, such as sense amplifier circuits 98a and 98b. Both
of the sense amplifier circuits 98a-98b are connected to a sense amplifier
driver 100a, which is located in the intersection area 24a. The sense
amplifier circuit 98a'is connected to a column of memory cells 102a, through
the BL1 bus 70 (Fig. 5a) and a bit line (BL.1B) bus 104a, which are both
constructed in M1, and run vertically across the array 18a. Likewise, the
sense amplifier ci:cuit 98b is connected to a column of memory cells 102b,
through a bit line (BL2) bus 104b and a bit line (BL2B) bus 104c, which are

~ also constructed in M1, and run vertically across the array 18a. Sense
- amplifier circuits 98a-98b are discussed in greater detail with reference to
Figs. 10a-10b, below.’ ,

In addition to the sense amplifier driver 100a, the intersection area
24a includes a plurality of circuits (excluding sense amplifier driver 100a
and subdecoder drivers 110a-110d) which are referenced generally by the
numeral 100b. These circuits 100a-100b are designed to employ the
advantages of the low resistance of the VDD, VSS and signal meshes 54, 56
and 58, as supplied by the buses 37a-37c.
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7. A sem conduct or nmenory device according to claim®6, wherein said

menory cell is conprised of a MOSFET and a capacitor el errehBE[élgtt(;mg '
series, and said capacitor elenent is forned over said MOSFET. W%’EET

A sem conductor menory device according to claim4, further conprising:

a sense anplifier circuit portion being adjacent to said nenory array
portion in said col.um direction and behgg adj-acent to said first

peri pheral circuit portion in said row direction, wherein said MOSFETs in
said first peripheral circuit portion constitute sense anplifier driver

GNCTARBN Y A e T L N

sense generally be subdecoder circuit 106a-106d. The subdecoder circuit 106a
illustrates a hierarchical word line structure utilized in each of the
remaining subdecoder circuits. The subdecoder circuit 106a is connected to
the DXB7 bus 44d and the MWB bus 86a, which is routed to the four
subdecoder circuits 106a-106d through a connector bus 108, constructed in
M1. The subdecoder circuit 106a is also connected to a first subdecoder
driver 110a, located in the intersection area 24a, along with the sense
amplifier driver 100. Likewise subdecoder circuits 106b-106d are connected
to subdecoder drivers 110b-110d, located in the intersection areas. The
subdecoder 20a is discussed with more-deta_\il below.

Referring to Fig. 8, two subdecoder drivers 110a-110d are located in
intersection area 24a, while the other two subdecoder drivers 110b-110c are
located in the intersection area 24b. The subdecoder driver 110a comprises
an inverter, which converts the DXB7 bus 44d, to an inverted subdecoder
(DX7) bus 114d. Likewise, the subdecoder drivers 110b-d convert the DXB1
44a, DXB3 44b and DXB5 44c to inverted subdecoder buses DX1 114a, DX3
114b and DX5 114c. In the preferred embodiment, each of the subdecoder
drivers 110a-110d drive 64 subdecoder circuits, thereby driving all 256 of
the subdecoder 20a. Being located in the intersection areas 24a-24b, the
subdecoder drivers 110a-110d are made of significant size, and are supplied
an internally generated boosted voltage (VPP) so that the buses DX1 114a,
DX3 114b, DX5 114c and DX7 114d can be driven to VPP.

The subdecoder circuits 106a et seq. employ a hierarchical word line
structure. As discussed earlier, the subdecoder circuits formed in the
subdecoder area 20a and 20b are used to select certain memory cells in the
subarray 18a. This is accomplished by utilizing a plurality of subword lines,
such as the line 72a, constructed in the polysilicon (FG) layer (Fig. 5a). The
MWB bus 86a drives four subdecoder circuits 106a-106d of subdecoder are
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anplifier circuit portion, said signal wrings are conpri se@%mcwENE&kEﬁa

conductive | ayer. 10. A sem conductor nenory devi according to
¢l aim4, wherein sub-decoder circuit is forned in said second peri pheral
circuit portion, and _ 30

17

20a, which each drive a SW bus 72a-72d, extending into the subarray 18a.

Likewise, the MWB bus 86a drives four additional subdecoder circuits 108e-

106h of subdecoder area 20b, which each drive a SW bus 72e-72h, extending
" into the subarray 18a.

Referring to Figs. 9a-9b, a conventional subdecoder circuit 116 and an
alternative subdecoder circuit 118 implement a hierarchical word line
structure. The structures are hierarchical due to the placement of main
word line buses, constructed in M2, over a subword line buses, constructed
in FG. However, the subdecoder circuits 116, 118 do not facilitate the
meshed system of the present invention. .

Referring to Fig. 9a, the conventional subdecoder circuit 116, as used
in the Noda hierarchical word line structure scheme, consists of three n-
type metal oxide semiconductor (NMOS) transistors and produces an SW
output. However, the subdecoder circuit 116 requires a non-inverted word
line (MW) bus, which must also run across the array (not shown) along with
a MWB bus. This effectively doubles the number of main word lines

‘running in M2 across the array. As a result, two main word lines are used
to drive eight subword lines, thereby creating a pitch of 4 subword lines to
every main word line. This pitch, however, does not allow the extra metal
space needed for the meshed system of the present invention.

Referring to Fig. 9b, the subdecoder circuit 118 consists of two NMOS
transistors and two p-type metal oxide semiconductor (PMOS) transistors.
The subdecoder driver does not reqi.u're a non-inverted word line bus (MW)
as in Fig. 9a. As a result, one main word line is used to drive eight
subword lines, thereby creating a pitch of 8 subword lines to every main
word line. But, since the subdecoder circuit consists of four transistors, it
thereby consumes a lot of space, and to speed the circuit up, some of the

transistors must be made very large.
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sai d sub-decoder circuit has two I nput termnals and an out pﬁg l‘t_@ ' , I-?E
mai n word |ine and sub-decoder control |ine are connected to 8 SHEET
tterminals and said word line is connected to said output termnal.

11. A sem conductor nenory device according to claim 10, wherein said main
word |ine and said sub-decoder control signal are conprised of said second

conductive | ayer. 12. A sem conductor nenory device according to
claim1l, wherein said second voltage s ly line has a predeterm ned wi dth
which is larger than that of said main word |ine. 13. A

sem conduct or  MEEEEMAE \th Fhg28E Ot Sigbd&todkR ciPchit 1084 WF%he preferred

embodiment comprises the advantages of the above two subdecoder drivers.
The subdecoder circuit 106a uses the MWB bus 86a, the DXB7 bus 44d, and
the DX7 bus 114d to produce the subword line SW bus 72a, thereby
allowing the subdecoder circuit 106a to be constructed with only three
transistors 120a-120c. Since the DX7 bus 114d runs only in the subdecoder
20a, and does not have to run horizontally across the array, the main word
"line pitch across the subarray 18a remains at eight subword lines for every

'main word line. Asa result, there is sufficient metal space for the power,
signal and subdecoder meshes 54, 56, 58 and 60, and the DXB bus 44 (Fig.
3) of the present invention.

In operation, the signals on the MWB bus 86a and DXB7 bus 44d,
designated as MWB and DXB7, are negative logic signals, i.e. they are high
in the standby mode, low in an enable mode. When the signals MWB and
DXB7 are both low, an output signal on the subword line SW bus 72a is
driven to a selective high level. When only one of the signals MWB or
DXB?7 is high, the output signal on the subword line SW bus 72a is driven
to a non-selective low level. In the standby or precharge mode, i.e., when
all of the MWB and DXB signals are high, all subword lines SW are set to
low. '

. An advantage of the subdecoder circuit 106a is that a subthreshold
current in the row decoders and DXB drivers is primarily determined by
NMOS transistors 120a, 120b. As a result, a low standby current is .
achieved during standby or precharge mode. This is because a gate with for
the NMOS tranisistors 120a, 120b can be narrower than that of PMOS
transistors, and NMOS transistor cutoff-transition characteristics are
sharper than that of PMOS transistors. |

Other advantages of the subdecoder circuit 106a are that the

- subdecoder circuit 106a provides extra metal space for the power, signal and
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conpri si ng: a fourth voltage supply line fornmed in sak I
'po?Pion and conprised of said second conductive |ayer, andﬁggFgggﬁggzggﬂg%r
control line extending in said row direction arranged in the center of said
menory array portion and said fourth voltage supply line extending in said
row direction, and said second and fourth voltage supply lines are arranged
at the both sides of said sub-decoder cggtrol l'i ne. 14. A

sem conductor nenory device according to claim 13, wherein said fourth

vol tage supply line is connected to said first voltage supply line at the

i nt er sect i subdécodler dnéshust 4,258 58 aatl 60yl drabthe vabliycdderasreuit 106a 15. A
sem conduct or nmenory devjce according to claim11, further conprising:
1mproves In speed performance. The speed of the subdecoder circuit lo%a is
directly proportional to the ability of the DX7 bus 114d to transition from
low to high. Since the DX7 bus 114a is driven by the subdecoder driver
110a, and since the subdecoder driver is located in the non-crowded
intersection area 24a, it can be made of sufficient size. Furthermore, the
DX7 bus 114a is constructed in M3, which has the lowest resistance of the
three metal layers. Thus, the DX7 -bus 114a produces a sharp rising wave
form, thereby achieving high speed activation of the SW bus 72a. In the
preferred embodiment, a gate width (not shown) of the NMOS transistor
120b of is narrower than that of a gate width (also not shown) of the NMOS
"transistor 120a, thereby improving speed and layout area optimization. For
example, in the preferred embodiment, the gate widths of transistors 120a
and 102b are 2.2 microns and 1 micron, respectively. The narrow gate
width of transistor 120b contributes to smaller load capacitance and faster
fall times for signals ‘on the DXB bus 44d. As a result, the DX bus 114d
achieves faster rise times. In addition, the gate width of 120a is set to the
sufficient value for falling speed of the subword line SW.

Referring to Fig. 10a, the sense amplifier circuit 98a comprises a
latch section 122a and an equalizer section 124a. The latch section 122a
comprises two NMOS transistors 126a-126b, connected between the bit line
buses 70 and 104a and a first latch bus 128. The latch section 122a also
comprises two PMOS transistors 130a-130b connected between the bit line
buses 70 and 104a and a second latch bus 132. All four transistors 126a,

- 126b, 130a, 130b are cross-coupled in a conventional latching manner for
storing signals from the bit line buses 70 and 104a. -

The equalizer section 124a includes three NMOS transistors 134a-
134c for equalizing the BL1 bus 70 and the BL1B bus 104a during the

AT E S NRPt S S S qr——
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raow select lines formed in said nenory array portion and C OREPI AT AR |
first conductive | ayer; ' H%E%?.'E%T

row decoder circuit selecting a predeterm ned row select line into row
select lines, wherein said first voltage supply line has a predeterm ned
wi dth which is larger than that of said row select |ine.

20

| standby or pre-charge modes. The three transistors 134a-134c are
controlled by an equalization bus 136.

In a similar manner, the sense amplifier circuit 98b comprises a latch
section 122b and an equalizer section 124b connected to the bit line buses
104b-104c. The latch section 122b and the equalizer section 124b are also
connected to the two latch buses 128, 132 and the equalization bus 136,
respectively.

Referring .to Fig. 10b, a further reduction in the size of the sense
amplifier 22a is achieved by other layout improvements. The equalizer
sections 124a and 124b are constructed in shapes of alternating “I’s” as
discussed in greater detail below with reference to Fig. 11a. The latch
sections 122a and 122b are constructed utilizing “H” shaped moat regions,
as discussed in greater detail below with reference to Fig. 12a-b.

Referring to Figs. 11a-11b, to reduce the size constraints of the
gequalizer section 124a caused by the transistors 134a-134c, a T-shaped gate
region 138a (Fig. 114) is utilized. The equalizer signal bus 136 creates a
gate for each of the transistors 134a-134c. In a similar manner, the
equalizer section 124b utilizes an inverted T-shaped gate region 138b. As a
result, the gate regions 138a, 138b can be compacted together, while still
maintaining a required moat isolation distance 137 between the gate
regions 138a, 138b. In so doing, a width 140 of the two gate regions is
smaller'than a conventional width 142 of two square gate regions 144a and
144b, as shown in Fig. 11b, and a smal_l sense amplfier circuit 22a
corresponds to the small memory cell circuit 64 (Fig. Sa).

Referring to Fig. 12a, the sense amplifier 22a also comprises an H-
shaped moat 146. The BL1 bus 70, constructed in M1, must cross the
BL1B bus 1042, also constructed in M1, at the H-shaped moat 146 without
electrically intersecting. Furthermore, the BL1 bus 70 must drive a
transistor gate 148a and the BL1B bus 104a must drive a transistor gate
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16. A semi conduct or menory devi ce according to claim15, furt

her . '
conpri si ng: signal lines which is different fromsaid H@A@&N&‘{T SHEET
line, extending in said colum direction in said nmenory array portion, said
signal lines conprised of said first conductive |ayer. 17. A

sem conduct or nenory device according to claim 16, further conprising:

a fifth voltage supply line conprised oﬁlsai d first conductive |ayer and
bei ng extending in said colum direction. 18. A sem conduct or
menory devi ce according to claim 17, wherein

148b. At a crossing point 150, the BL1B bus 104a is connected to the
transistor gate 148b, constructed in FG, which runs under the metal layers.
The gate 148b not only serves to allow the BL1B bus 104a to cross the BL1
bus 70, but it is the gate for the transistor 130b. After crossing the BL1 bus
70, the gate 148b is reconnected to a connecting bus 152, also constructed in
‘M1, thereby electrically connecting the BL1B bus 104a to the connecting

bus 152. Similarly, the BL2 bus 104b and the BL2B 104c bus also cross in
the H-shaped moat 146.

Referring to Fig. 12b, these connections create an M1 to FG to M1
change and construct the two PMOS transistors 130a-130b. Not only does
this change provide a size reduction, it does so without using an additional
metal layer.

Furthermore, the H-shaped moat 146 solves another problem
associated with the meshed system, that is, noise on the bit line buses 70
and 104a-104c. Noise at the sense amplifiers 22a-22c¢ is often caused by
signal buses constructed in M3 overlapping the bit line buses 70 and 104a-c
constructed in M1. Since the bit line buses 70 and 104a do a crossing
pattern, any noise or capacitive coupling induced from signal buses
‘constructed in M3, such as the CF bus or the YS bus, will be the same for
both the BL1 bus 70 and the BL1B bus 104a, thereby effectively canceling
the effect of noise. Likewise, any noise will be the same for the BL2 bus
104b and the BL2B bus 104c.

Referring to Fig. 13a, addition noise protection from signal buses
constructed in M3 overlapping the bit line buses 70 and 104a-c constructed
in M1 can be reduced through M2 shielding. For example, in conventional
prior art designs having first and second buses 154a-154b constructed in M1
and running in a vertical direction, and having a third bus 154¢ constructed
in M3 which also running in a vertical direction, noise is aggravated. Noise

\ is induced from the third bus 154c to the first and second buses 154a and

-
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said signal lines extend at the center of said nenory arrﬁé Egrtlon in said
column direction, and said first and fifth vol tage supplyHEP GEMEHT SHEET
arranged at the both sides of said signal |ines.

sem conductor nenory device, conpri sing: ' a seniconductor substrat e;
a sub-array portion including a plurality of nenory cells each being
arranged at the intersection of bit Iing extending in a colum direction
and word line extending in a row direct a first periphera
circuit portion bei ng adjacent to said sub-array in said row.direction;

2060000 fiRd POGES tn&) obpRRd O iR YRRk Whleidd Afwiny i RoRE Lo
be strengthened by the large area of overlap. This conventional design can
be a problem, especially when the buses 154a, 154b are particularly
sensitive to noise, such as the bit line buses 70 and 104a of the present
invention. Furthermore, in the conventional design, a group of other buses
156a-156d constructed in M2 and running in a horizontal direction have
little to no shielding effect, as shown.

Referring to Figs. 13b-13c, the preferred embodiment reduces the
noise between buses running in the same direction by improving the
shielding effect of the M2 buses. In the preferred embodiment, the BL1 bus
70 and the BL1B bus 104a are constructed in M1 and run in the vertical
direction. Furthermore, the CF bus 61a is constructed in M3 and runs in
the vertical direction, just above the two bit line buses 70 and 104a.

Located between the CF bus 61a and the bit line buses 70 and 104a are four
buses 158a-158d constructed in M2 and running in the horizontal directions.

Referring to Fig. 13b, one technique for reducing noise is used in a
situation where the M2 buses 158a and 158d are noisy, active lines, such as
parts of the sense amplifiers, and the M2 buses 158b-c are inactive, quiet
buses, such as a power supply bus, a first technique is used. Instead of
having some of the M2 buses 158a-158d only extending across one of the bit

" line buses 70 and 104a, as shown in Fig. 13a, the M2 buses 158b-158¢c now
extend over both bit line buses. In this manner, the M2 buses 158a-158d
provide more of a shielding affect from any noise from the CF bus 61a.

Referring to Fig. 13¢, in a situation where two of the M2 buses 158a
and 158d are inactive, quiet buses, such as a power supply bus, and the .
other two of the M2 buses 158b,158¢ are active, noisy buses, a second
technique is used. In this case, the bit line buses 70 and 104a are better
shielded from the noise of the CF bus 61a by the quiet M2 buses 158a,
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REPLACENENT SHEET
third peripheral circuit portion at the intersection of salHEHUAfHAWdSHEET

second peripheral circuit portions; a plurality of first voltage
supply lines each extending in said colum direction and formed over said
bit lines and word I|ines; a plurality of second voltage supply |ines

each extending in said row direction and,formed over said bit |ines and
word lines, and said second voltage supply lines formed by a conductive
| ayer which is different fromthat of said first voltage lines, and said

second vol. 1888 l’f‘ﬂ‘eerséfgr%r 'é’ﬁ‘é’ q?ﬁlgt ‘M2 buses 158a, 158d are drawn as large as
possible, thereby maximizing their shielding affect. |
Referring to Fig. i4a, the well structure of the sense amplifier can
also be size determinative, especially in a situation like the preferred
invention where power and signal meshes are utilized. In a first design, a
triple well structure 160 comprising a p well (PW) 162a, a deep well (DW)
164a and a p-substrate (P-Sub) 166 is used for noise protection from a sense
amplifier circuit 170 to a subarray 168a. Likewise, the triple well structure
160 comprises a p well (PW) 162b, a deep n-tjpe well (DW) 164b and the P-
Sub 166 for noise protection from a sense amplifier circuit 170 to a subarray
168b. Although the wells 162a, 162b, 164a, 164b and substrate 166 may

have various bias arrangements, one such arrangement provides:

Well Bias Name | Bias Voltage

PW qver DW VBBA 167a A
NW over DW VPP 167b 4.0V
DW VPP 167b 4.0V

P-Sub VBB 167¢ ov

PW (not over DW) | VBB 167c ov
NW (not over DW) | VDD 167d 3.3v

Table 1

It is noted that well biasing is well known in the art, and any descriptions
of bias voltage are merely illustrative, and should not be limited to such in
any manner.

The subarrays 168a and 168b are isolated from the noisy effects of
the sense amplifiers 170 by two isolation n wells (NWs) 172a and 172b,
reépectively. The NWs 172a, 172b create separation transistors for sharing

one sense amplifier between memory cell arrays locafed_ on either side. A




sai d sub-array portion and said second peripheral circuit portion; a

third voltage supply line conprised of said first condU(ﬁEP{gCE SHEET
extendi ng over said second and third peripheral circuit portion,

wherein said first and second voltage supply lines are connected each ot her
at the intersection of said first and second voltage supply lines over said
sub-array portion, wherein said segond and third voltage supply |ines
are connected each other at the intersection of said second and third
vol tage supply lines over said second peripheral circuit portion, and

e B aB LB U SR A ' 0

20. A seR-wehidutd2s andnlﬁﬁb celvérecthecalbovil described ssparafionviransistors

plurality O FEe-II-:?mI%; %e grrll.ggigorlsrgrse 0 t glcar.t%dpe’f‘hg m 1'% u'}2tb are
biased to VPP 167b for electrical isolation. Furthermore, the NW’s 172a,
172b are located above the DWs 164a, 164b, respectively, and thereby bias
the Dws to VPp. The sehse amplifier circuit 170 has an additional NW 174,
which is biased to VDD 167d to provide faster operation of a p-type _
transistor 176. The advantage for DWs 164a, 164b being biased to VPP is
that the subdecoders are CMOS circuits operating at the VPP voltage level
(Figs. 7a, Tb, 14c). On the other hand, because PMOS transistors of the
sense amplifier circuit 170 operate at or below the VDD voltage level, the
VDD voltage level is suitable as a bias voltage for the NW 174, instead of
the VPP voltage level. The sense amplifier 170 also has two PWs 178a,
178b, biased to VBB 167c through the P-sub 166. The PW 178a supports a
transistor 180a and the PW 178b supports transistors 180b, 180c. |

Referring to Fig. 14b, the preferred embodiment is able to shrink the
well structure of the sense amplifier 24b, as compared to Fig. 14a. The
i)referr'ed embodiment utilizes a triple well structure 182 comprising a PW
184a, a DW 186a, and a P-Sub 188, for subarray 18a, and a PW 184b, a DW
-186b, and the P-Sub 188, for subarray 18b. The subarrays.18a-18b are
thereby protected from the sense amplifier circuit 22b. The triple well
structure 182 also uses well-biasing similar to the illustrative biases
described in Table 1. It is noted, however, that well biasing is well known
in the art, and any descriptions of bias voltage are merely illustrative, and
should not be limited to such in any manner.
The subarrays 18a-18b are isolated from the noisy effects of the sense

amplifiers 24b by two isolation NWs 190a, 190b, respectively. The isolation
NWs 190a, 190b are biased to VPP 167b for isolation. Furthermore, the
isolation NWs 190a, 190b are located above the DWs 186a-186b,

§
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;)ortion, and sai d MOSFETs are connected to said third VOhE?@f@@nﬁfﬁ{'ys' I ne.

21. A sem conductor nmenory device according to claim 20 HEET
eonpri si ng: a plurality of signal wiring lines extending in said row
direction and conprised of said second conductive |ayer.
33

25

respectively, and thereby bias the DWs. The preferred embodiment differs
from the conventional system of Fig. 14a in that the isolation NW 190a also
supports the transistor 130d, which corresponds with the transistor 176 of
Fig. 14a. As a result, the transistor 130d will operate slower than the
transistor 176 of Fig. 14a. However, the speed of the transistor 130d is not

critical to the overall timing of the sense amplifier circuit 90a. Therefore,
although the PMOS transistor 130d is using a VPP biased well, there is no
overall speed degradation.

There is a size advantage, however, to the isolation NW 190a over the
conventional technique described in Fig. 14a. Instead of having the NW
172a for the sole purpose of isolation, and the second NW 174 for the
transistor 176 (Fig. 14a), the two are combined in the NW 190a of the
preferred embodiment, thereby shrinking the space of the sense amplifier
24b. Furthermore, a single PW 192 can be used to support the transistors
134a-134c. _

Referring to Fig. 14c, a triple well structure 193 is implemented for
the subdecoder 20a. The P-Sub 188 and the DW 186a extend throughout
the subarray 18a (Fig. 14b), across the subdecoder 20a, and into a subarray
196. The PW 184a is separated from a PW 198 by an NW 200, which is
biased to VPP '167b for isolation. By biasing the NW 200 at VPP 167b, the
SW bus 72a can operate at VPP. :

Referring to Figs. 15a and 15b, the sense amplifier 22a includes four
fuses 202a-202d used for a column rédundancy scheme. The two fuses 202b
and 202d are used to disable sense amplifier circuits 98a-98b, and the two
fuses 202a and 202¢ are used to disable sense amplifier circuits 204a-204b.
Column redundancy is well known to those skilled in the art; however,
conventional designs result in a dramatic area penalty in the sense
amplifier design due to the fuse placement. Accordingly, in the preferred

embodiment, the fuses 202a-202d are lined in parallel with the bit line
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22. A sem conductor nenory device according to claim 21, further

conpri si ng: an insulating filmformed between sai REPLAGEMENT SHEINd
eonductive layers, said insulating |layer has a first through hol e through

whi ch said first and second voltage supply lines are connected and a second
t hrough hol e through which said second and third voltage supply lines are
‘connected, wherein said first through hgge has a predeterm ned di aneter
which is l'arger than that of -said secon QFwough hol e. 23. A

sem conductor menory device according to claim6, wherein said nenory cel

55O 8l 70 APTOe"lof 57 BRCRIBs G ERR U el dngfiees”
located in a different area. In this way, the vertical running CF bus 61a
and the YS buses 35¢-35d need to be offset for only one group of fuses,
thereby providing the maximum space for the power and signal meshes 54,
56, 58 and 60.

Although the illustrative embodiment of the present invention has
been shown and described, a latitude of modification, change and
substitution is intended in the foregoing disclosure, and in certain instances,
some features of the invention will be employed without a corresponding use
of other features. For example, the horizontal and vertical directions were
included to make the preferred embodiment simpler to describe, but are not

.intended to limit the present invention. Accordingly, it is appropriate that
the appended claims be construed broadly and in a manner consistent with

the scope of the invention.




MOSFET. 24. A sem conductor nenory device accor,;ﬁfjr@&g\;1 claim?21,
wherein said first conductive |ayer is over said second SHEETT
and said first conductive |layer has a predeterm ned thi ckness Whl chis

t hi cker than that of said second conductive |ayer.

sem conductor nenory device according to claim 19W
circuit is forned n said second peri phera,l circui ortion, and
sub-decoder circuit has two input term naI s and an “\t“‘ ‘ﬁﬂ“ a main
word |ine and sub-decoder control line are connectem m

term nal s i paidOMAQrkiDgsi S connected to said ourput t‘erm nal .

1. A semiconductor memory device, comprising:
a semiconductor substrate having a main surface;
a memory array portion in said main surface, in which a plurality of
memory cells are arranged in row direction aﬁd in column direction;
bit lines each extending in said column direction and each of said bit
lines connected to said memory cells;
word lines each extending in said row direction and each of said word
- lines connected to said memory cells;
| a first peripheral circuit portion having a plurality of MOSFETSs and
said first peripheral circuit arranged adjacent to said memory array portion;
an external terminal formed on said main surface of said
semiconductor substrate, and a predetermined voltage is supplied to said
external terminal from outside of said semiconductor memory device;
a plurality of first voltage supply lines each extending in said column
direction and formed over said bit lines and word lines; | |
a plurality of second voltage supply lines each extending in said row
direction and formed over said bit lines and word lines, and said second
voltage supply lines formed by a conductive layer which is different from
that of said first voltage lines,
wherein said first and second voltage supply lines are connected each
other at the intersection of said first and second voltage supply lines,
wherein one of said first and second voltage supply lines is connected
to said external terminal, and _
wherein said predetermined voltage is supplied to said MOSFETs in
said first peripheral circuit portion from said external terminal via said first
and second voltage supply lines.

Lot N S VY |
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26. A semi conduct or menory device according to claim25, wherein said main

word line and said sub-decoder control signal are conpri %EPLCNC MENT SHEET

34 sai d second conductive |ayer, and said seW i ne

a predetermined width which is larger than that o mal n wci\r\fl l'i ne.
RLLAL

2. A semiconductor memory device according to claim 1,

wherein sé.id first voltage supply lines ére comprised of a first
conductive layer and said second voltage supply lines are comprised of a
second conductive layer, and said first conductive layer is over said second
conductive layer and said first conductive layer has a predetermined
thickness which is thicker than that of said second conductive layer.

3. A semiconductor memory device according to claim 1, ﬁ:rt;her
comprising:

a second peripheral circuit portion having a plurality of MOSFETs,
said second peripheral circuit portion being adjacent to said memory array
region in said row direction and being adjacent to said first peripheral
circuit portion in said column direction; and

a third s}oltage supply line formed in said first peripheral circuit
portion and extending in parallel with said bit lines and into said second
peripheral circuit portion,

wherein said second voltage supply lines extend into said second
peripheral circuit portion and connected to said third voltage supply line at
the intersections between said second voltagé supply lines and third voltage

" supply line. |

4. A semiconductor memory device according to claim 3, wherein
said third voltage supply line is comprised of said first conductive layer and
said third voltage supply line is connected to said MOSFETs in said first
peripheral circuit portion.

5. A semiconductor memory device according to claim 4, wherein
said first voltage supply lines each has a predetermined width which is
larger than that of said third voltage supply line.

. ' | REPLAGEMENT SHEET
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27. A seni conduct or menory devi ce according to claim 26, rein said
sub- decoder control line extending in said row directi on aftRh§CEMENTt SIREET
center of said sub-array portion and said second voltage supply lines are

arranged at the both sides of said of said sub-decoder control I|ine.
28. A seniconductor menory device including a plurality of menory —cells

formed on a sem conductor substrate, corrﬁl ement ar 4' bi t
lines to which said nenory cells are cofiRect ed, a 'mn Hﬂ Hﬂgfﬂ -MOSFET
connected in series between said first and second bit ¢l imesr®ran I rd

MOSFET connect'ed between said first and second bit |ines, conprising:
an active region forned on the main surface of said sem conductor

First, & secors and o mcoR bt iy ASACE REcHBnE B il s ofther  °
comprising:
an insulating layer formed between said first conductive layer and
said second conductive layer, said insulating layer has a first through hole
through which said first and second voltage supply lines are connected and
a second through hole through which said second and third voltage supply
lines are connected, wherein said first through hole has a predetermined_

diameter which is larger than that of said second through hole.

7. A semiconductor memory device according to claim 6, wherein
said memory cell is comprised of a MOSFET and a capacitor element

connected in series, and said capacitor element is formed over said
MOSFET.

8. A semiconductor memory device according to claim 4, further
comprising: —

a sense amplifier circuit portion being adjacent to said memory array
portion in said column direction and being adjacent to said first peripheral
circuit portion in said row direction, wherein said MOSFETSs in said first

peripheral circuit portion constitute sense amplifier driver circuit.

9. A semiconductor memory device according to claim 8, wherein
a plurality of signal wirings extending in row direction in said sense
amplifier circuit portion, said signal wirings are comprised of said second
conductive layer.

10. A semiconductor memory device according to claim 4, wherein

sub-decoder circuit is fonq.edin.saidﬁeemprg;ipgripheral circuit portion, and
REPLACEMENT SRECT |
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active regi on; an insulating film-forned between said first, second
and third seniconductor region and said first and secondREPLAﬂ:EMENT SiqERT
{nsulating filmhaving a first through hole for connecting said first

seni conductor region to said first bit line, a second through—hote for
connecting said second sem conductor region to I ne and a
third through hole formed over said thi ?g sem: ciﬂum mrm wm\!ﬂ'and a
gate el ectrode arranged between said fiFst and secon sem cand

regi ons, between second and third sem conductor regions and between said

third and forately Bl $h opd and
third thr o%é{]cpiuﬁeas%cons#ﬁ@?é{ag tri r‘P‘ft term\g@ﬁ]ﬁh?ralighg eﬁt(r:?)e?rr ezl%g’n I ng
conpl enment mgmbwbrd limesamd dubtdecoder control line are connected to said input

terminals and said word line is connected to said output terminal.

11. A sem1conductor memory dev1ce according to claim 10, Wherem
said main word line and said sub-decoder control signal are comprised of

said second conductive layer.

12. A semiconductor memory device according to claim 11, wherein
said second voltage supply line has a predetermined width which is larger
than that of said main word line.

13. A semiconductor memory device according to claim 11, further
comprising:

a fourth voltage supply line formed in said memory array portion and
comprised of said second conductive layer, and said subdecoder control line
extending in said row direction arranged in the center of said memory array
portion and said fourth voltage supply line extending in said row direction,
and said second and fourth voltage supply lines are arranged at the both

sides of said sub-decoder control line.

14. A semiconductor memory device according to claim 13, wherein
said fourth voltage supply line is connected to said first voltage supply line
at the intersection of said fourth and first voltage supply lines.

15. A semiconductor memory device according to claim 1, further
comprising:
row select lines formed in said memory array portion and comprised

of said first conductive layer;

prmenrvm Aebs SRS TR
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35 tri angl e correspondi ng adj acent conplenentary bit lines are mrror

symmetrical relationshinp. 29. A sem conduct or - CEMBENTE SH '
according to claim 28, wherein said active region has T-sﬂalpe SHEET :
configurati-on. +30. A semiconductor nmenmory dewviee—actording to

claim 29, wherein said gate el ectrode h3als h Shap(\a\!i\i)lrj{“I‘\ﬁj“,ﬁ“\!m“\

row decoder circuit selecting a predetermined row select line into row
select lines, wherein said first voltage supply line has a predetermined
width which is larger than that of said row select line.

16.. A semiconductor memory device according to claim 15, further
'comprising:

signal lines which is different from said row select line, extending in
said column direction in said memory array portion, said signal lines
comprised of said first conductive layer. .

17. A semiconductor memory device according to claim 16, further
comprising:
a fifth voltage supply line comprised of said first conductive layer and

being extending in said column direction.

18. A semiconductor memory device according to claim 17, wherein
said signal lines extend at the center of said memory array portion in said
column direction, and said first and fifth voltage supply lines are arranged
at the both sides of said signal lines. |

19. A semiconductor memory device, comprising:

a semiconductor substrate;

a sub-array portion including a plurality of memory cells each being
arranged at the intersection of bit line extending in a column direction and
word line extending in a row direction;

a first peripheral circuit portion being adjacent to said sub-array in
said row direction; '

a second peripheral circuit portion being adjacent to said sub-array in
said row direction;

AEPLACEMENT SHEEY
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31. A sem conductor nenory device according to claim 30, |
predetermned fixed voltage is supplied to said third senﬁé@wgﬁrr%%y
32. A sem conductor menory device, conprising: a first MOSFET and a
second MOSFET which constitute a sense anplifier circuit, said first and
second MOSFETs each having a first sem conductor rqasam

sem conduct or region as source and drai % a Fﬁ“mnmm;"lmlmtj
portion and a second nenory array porti ? at both sites of sHidsfirst and
second MOSFETSs; conplenmentary a first and a second bit |ines

extending In Sabdliid PerifHiRhY cthipditidd 8E'tné MsQBRIGIBE ALY a3s¢ Bhyd and

a fourth bit line
second peripheral circuit portions;

a plurality of first voltage supply lines each extending in said column
direction and formed over said bit lines and word lines;

a plurality of second voltage supply lines each extending in said row
direction and formed over said bit lines and word lines, and said second
voltage supply lines formed by a conductive layer which is different from |
that of said first voltage lines, and said second voltage lines formed over
said sub-array portion and said second peripheral circuit portion;

a third voltage supply line comprised of said first conductive layer
and extending over said second and third peripheral circuit portion,

wherein said first and second voltage supply lines are connected each
other at the intersection of said first and second voltage supply lines over
said sub-array portion,

wherein said second and third voltage supply lines are connected each
other at the intersection of said second and third voltage supply lines over

- said second peripheral circuit portion, and

wherein said first and second voltage supply lines each has

predetermined width which is larger than that of said third voltage supply

line.

20. A semiconductor memory device according to claim 19, wherein
a plurality of MOSFETSs are arranged in said third peripheral circuit
portion, and said MOSFETSs are connected to said third voltage supply line.

21. A semiconductor memory device according to claim 20, further
comprising:
a plurality of signal wiring lines extending in said row direction and

comprised of said second conductive layer.

i‘ :l i . g m P T
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extending in said second nenory array portion, wherein said first,
second, third and fourth bit lines are conprised of a corﬂEp]_tA’(}EMEI\HySHEET
wherein said first bit line is connected to said first sem conductor
region, and is connected to sald third bit line via said gate electrode of

sai d second MOSFET, 26 -
33 LA R 0

22. A semiconductor memory device according to claim 21, further
comprising:

an insulating film formed between said first and second conductive
layers, said insulating layer has a first through hole through which said
first and second voltage supply lines are connected and a second through
hole through which said second and third voltage supply lines are
connected, wherein said first through hole has a predetermined diameter
which is larger than that of said second through hole.

23. A semiconductor memory device according to claim 6, wherein
said memory cell is comprised of a MOSFET and a capacitor element

connected in series, and said capacitor element is formed over said
MOSFET.

24. A semicbnductor memory device according to claim 21, wherein
said first conductive layer is over said second conductive layer and said first
conductive layer has a predetermined thickness which is thicker than that
of said second conductive layer.

25. A semiconductor memory device according to claim 19, wherein
sub-decoder circuit is formed n said second peripheral circuit portion, and
said sub-decoder circuit has two input terminals and an output terminal, a
main word line and sub-decoder control line are connected to said input

terminals and said word line is connected to said output terminal.

26. A semiconductor memory device according to claim 25, wherein

said main word line and said sub-decoder control signal are comprised of

rov=
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wherein said second bit line is connected to said gate el r THEET
first MOSFET and said first sem conductor region of said gg%m.};ET and

said second bit line is integral with said fourth bhit line. 33. A
sem conductor nenory devi ce conpri sing: a nmenory array having a main
word line, first and second subword |ines corresp w <I eHI “an word
line, a plurality of data |lines andap rallty of

first subdecoder having an out put term coupl ed to sai d |rst subvvord
line and a first input term naI coupl ed to said main word |ine;

second subde oder aV| ut t.er m, nal ed to s cond submord
li ne and ga} PEEOIHE cﬁﬂsl lssccg%ﬂog%g?] s%BP&' Fllnﬁgh

first dri ‘tﬂ*édet‘éiﬂﬁh@d Wﬂitﬁ wa&mﬁ Iappei thad thabf 9hidsaidin Wérd lisbdec oder
outputting selection | evel voltage to be supplied to said first
27. A semiconductor memory device according to claim 26, wherein
said sub-decoder control line extending in said row direction arranged in the
center of said sub-array portion and said second voltage supply lines are
arranged at the both sides of said of said sub-decoder control line.

28. A semiconductor memory device including a plurality of
memory cells formed on a semiconductor substrate, complementary first and
second bit lines to which said memory g’ells' are connected, a first and second
MOSFET connected in series between said first and second bit lines and-
third MOSFET connected between said first and second bit lines,
comprising:

an active region formed on the main surface of said semiconductor
substrate, in order to'form said first, second and third MOSFETs;

a first, a second and a third semiconductor region formed in said
active region;

an insulating film formed between said first, second and third
semiconductor region and said first and second bit lines, said insulating film
having a first through hole for connecting said first semiconductor region to
said first bit line, a second through hole for connecting said second
semiconductor region to said second bit line and a third through hole
formed over said third semiconductor region; and

a gate electrode arranged between said first and second
semiconductor regions, between second and third semiconductor regions and
between said third and first semiconductor regions, |

wherein said first, second and third through holes constitute a

.tnangle and the triangle correspondmg complementary bit lines and the

Rl:?tjé“ ‘C*J%Ei\*(
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subword | i ne, and a second driver, coupled to a seconEpPIACEMENTNBHRET
of said second subdecoder, outputting selection |evel voltage to be

supplied to said second subword |ine, wherein said menpry—ar+ray i s
formed in a first area, wherein said first and second subdecoders are
formed in a second area which is adjacent to said fmﬁmml‘g _
wherein said first and second drivers ar%formed I n ¢ ch is
adj acent to said second area. 34> A seni conducfor menory devi ce
according to claim33, further conprising: _ a plurality of sense
anpl i i ert?’i&?é’iglc%grés%oﬁﬂmg B.I(ﬁgc%ln'ttc%u%leﬁ?érﬁa.{'} B lines are mirror

symmetrical relationship.

29. A semicox;ductor memory device according to claim 28, wherein

said active region has T-shape configuration.

30. A semiconductor memory device according to claim 29, wherein
said gate electrode has T-shape configuration.

31. A semiconductor memory device according to claim 30, wherein
a predetermined fixed voltage is supplied to said third semiconductor

region.

32. A semiconductor memory device, comprising:

a first MOSFET and a second MOSFET which constitute a sense
amplifier circuit, said first and second MOSFETSs each having a first
semiconductor region and a second semiconductor region as source and
drain;

a first memory array portion and a second memory array portion at
both sides of said first and second MOSFETs;

complementary a first and a second bit lines extending in said first
memory array portion, and complementary a third and a fourth bit lines
extending in said second memory array portion,

wherein said.ﬁrst, second, third and fourth bit lines are comprised of
a conductive layer, | .

wherein said first bit line is connected to said first semiconductor
region, and is connected to said third bit line via said gate electrode of said
second MOSFET,
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?:7 V\/neréin said pl urélity of sense anplifiers are fornmed in
area which is adjacent to said first and third areas. REP'.?@EMél[‘l’{‘cé'ﬂéﬁ

sem conductor nenory device according to claim34,  wherein said first
and second, third and fourth areas are quadril ateral areas, and

wherein said third area is an intersection area V\/nlmmllﬁ“"m“ﬁmha““by
. 36 e Lo s

wherein said second bit line is connected to said gate electrode of said
first MOSFET and said first semiconductor region of said second MOSFET,
and said second bit line is integral with said fourth bit line.

33. A semiconductor memory device comprising:

a memory array having a main word line, first and second subword
lines corresponding to said main word line, a plurality of data lines and a
plurality of memory cells;

a first subdecoder having an output terminal coupled to said first
subword line and a first input terminal coupled to said main word line;

a second subdecoder having an output terminal coupled to said
second subword line and a first input terminal coupled to said main word
line;

ra first driver, coupled to a second input terminal of said first
subdecoder, outputting selection level voltage to be supplied to said first
subword line; and |

a second driver, coupled to a second input terminal of said second
subdecoder, outputting selection level voltage to be supplied to said second
subword line,

wherein said memory array is formed in a first area,

wherein said first and second subdecoders are formed in a second
area which is adjacent to said first area, and

wherein said first and second drivers are formed in a third area

which is adjacent to said second area.

34. A semiconductor memory device according to claim 33, further
comprising:

a plurality of sense amplifiers coupled to said plurality of data lines,

REPLAGEMENT SHEET
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éktending said second and fourth areas. 36. A seni ' _ nor
devi ce according to claim 35, further conprising: : a -BREEME&TﬁgﬂEE¥
delivering a first selection signal to be supplied to an_in ) o]
said first driver; and a second line for delivering a second :

selection signal to be supplied to an input term nal uﬁml‘mu“e H!ﬂri ver,
wherein first and second |lines, said rrai§17word i ne u“ | anMd
second subword |ines are extended to the®sane directidn fn sai'd first area.
37. A sem conductor nenory device according to claim 36, wherein

each of said fi gferaiil saRC PRFabity $ESLHSE AriiAiéd) ard frbadd MPAHelirtitYrag 2

gate coupled to said first input”termnal and a source-
which is adjacent to said first and third areas.

35. A semiconductor memory device according to claim 34,

wherein said first and second, third and fourth areas are
quadrilateral areas, and

wherein said third area is an intersection area which is indicated by
extending said second and fourth areas.

36. A semiconductor memory device according to claim 35, further
cbmprising:

a first line for delivering a first selection signal to be supplied to an
input terminal of said first driver; and

a second line for delivering a second selection signal to be supplied to
an input terminal of said second driver,

wherein first and second lines, said main word line and said first and

second subword lines are extended to the same direction in said first area.

37. A semiconductor memory device according to claim 36,

wherein each of said first and second subdecoders has (a) a first
MOSFET having a gate coupled to said first input terminal and a source-
drain path provided between said second input terminal and said output
terminal, (b) a second MOSFET having a gate coupled to said first input
terminal and a source-drain pafh provided between said output termiﬁal
and a ground potential and (c) a third MOSFET having a source-drain path
coupled to said source-drain path of said second MOSFET in parallel.

38. A semiconductor memory device according to claim 37,

wherein said first and second drivers are invertor circuits.

et
MRS
bt e
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drain pat h provi ded between said second input term nal and sai T
termnal, (b) a second MOSFET having a gate coupled to sai &ﬁWWJ?HEE

term nal and a source-drain path provi ded between said output term nal and
a ground potential and (c) a third MOSFET having a source-drain path
coupled to said source-drain path of said second MOSFET in parallel.

38. A sem conductor nenory device according to cla-m37— wherein

Sl S ¢ gy

39. A semiconductor memory device according to claim 37,
wherein said first MOSFET is an p-type, and
wherein said second and third MOSFETSs are n-type.

40. A semiconductor memory device according to claim 39, wherein
a gate width of said third MOSFET is narrower than that of said second
MOSFET.

41. A semiconductor memory device according to claim 40,
wherein a voltage level of a selected subword line is higher than a
high level voltage of said data lines.

42. A semiconductor memory device comprising:

a memory arrdy having a main word line, a plurality of subword lines
corresponding to said main word line, a plurality of data lines and a
plurality of memory cells each of which is arranged to correspond to an
intersection of one of said data lines and one of said subword lines;

a plurality of subdecoder circuits each of which includes (a) p-type
first MOSFET having a drain coupled to corresponding one of said subword
lines and a gate coupled to said main word line, (b) an n-type second
MOSFET having a source receiving a ground potential, a drain coupled to
said drain of said first MOSFET and a gate coupled to said main word line
and (c) a third MOSFET having a source-drain path coupled between said
drain and source of said second MOSFET; _

a plurality of signal lines each of which is coupled to a gate of
corresponding said third MOSFET, wherein one of said signal lines is set to

a selection level; and
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38 39. A sem conductor nenory device according to claim 37,

wherein said first MOSFET is an p-type, and wherei n Rgpd . SWFE
third MOSFETs are n-type. 40. A sem conductor nenor) GEMERT T
according to claim39, wherein a gate width of sdi Ird MOSFET is

nar r owner t.han that of said second I\/DSFE';.9 H“\“l\““!‘“l\““!“\!“

a plurality of drivers each of which has an input terminal coupled to
corresponding one of said sighal lines and an output terminal coupled to a
source of corresponding said first MOSFET,

wherein said memory array is formed in a first quadrilateral region,

wherein said subdecoder circuits are formed in a second quadrilateral
region which is adjacent to said first quadrilateral region, and

wherein said drivers are formed in a third quadrilateral region which

is adjacent to said second quadrilateral region.

43. A semiconductof memory deice according to claim 42,
wherein said third MOSFET is an n-type,
wherein said selection level is low level, and

wherein said drive circuits are invertor circuits.

44. A semiconductor memory device according to claim 43,
wherein a voltage level of a selected subword line is higher than a

high level voltage of said data lines.

45. A semiconductor memory device according to claim 44, further
cdmprising:

a plurality of sense amplifiers coupled to said data lines,

wherein said sense amplifiers are formed in a fourth quadrilateral

region which is adjacent to said first and third quadrilateral regions.

46. A semiconductor memory device according to claim 45,
wherein a gate width of said third MOSFET is narrower than that of
said second MOSFET.
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41, A sem conductor nenory device according to claim 40, \ '
AR SheET

vol tage | evel of a selected subword line is higher than a
vol tage of said data lines. 42. A seniconductor menory device

conpri si ng: a nenory array having a main word—tines—a—plurality of

subword lines corresponding to said main word |ine lurality of data
ﬂ}!gﬂmﬂ!ﬂﬁmg)m’s aid

lines and a plurality of menory cells each of mhicﬂ

correspond to an intersection of one of "said data |

subword | i nes; a plurality of subdecoder circuits.each of° which

i ncludes () p-uype fA s&kniddfetol Uie dnibakingsoup! ed to correspondi ng
one of said subword lines and a gate couplng% tlog:ai d min wrd line, (b) an
n-type second MasFETayaof elgctroninucireuitscei vi ng a ground potential, a drain

coupled to said_drain of ,said.first V\‘/)%F T and a-gate coupled to said main
word |ine and (@?Qef‘fﬁ“ﬁ} Ré&%ﬁatﬁg\ﬂ “E i%}ar -agrai n path coupl ed between

said a first conductor electrically connected to said electrical port and

disposed over said array;

a second conductor disposed over said array, wherein said second
conductor crosses said first conductor at a cross point in said array;

. a peripheral circuit located outside of said array, wherein said

peripheral circuit is electrically connected to said second conductor, and;

means for electrically connecting said first and second conductors at
said cross point,

wherein said peripheral circuit is electrically connected to said
electrical port via said first and second conductor.

48. The apparatus of claim 47 further comprising:

‘a third conductor disposed outside of said array, wherein said third
conductor crosses said second conductor at a second cross point outside of
said array and, '

means for electrically connecting said second and third conductors at
said second cross point,

wherein said peripheral circuit is electrically connected to said second
conductor via said third conductor. '

49. The apparatus of claim 47 wherein said second conductor is

formed in a separate layer from said first conductor.

50. The apparatus of claim 48 wherein said second conductor is:

formed in a separate layer from said third conductor.
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drain and source of said é'econd MOSFET; a plurality ﬂwg@% SABET

each of which is coupled to a gate of corresponding said t

wherein one of said signal lines is set to a selection |level; and
REPLACEMENT SHEET _ . a
plurality of drivers each of which has an input term na led to
correspondi ng one of said signal lines gnd an out put te“,ﬂm[imm'{mm a
. x g ”'ﬂ
L M s .

51. The apparatus of claim 47 wherein said array is a zhemory

array and said electronic circuits are memory cells.

52. The apparatus of claim 47 wherein said peripheral circuit is a
sense amplifier driver. '

_ 53. The apparatus of claim 47 wherein said means for electricaliy
connecting comprises a through-hole.

54. The apparatus of claim 47 wherein said electrical port is a
power pad, said first and second conductors are power buses.

55. The apparatus of claim 52 further comprising:

a first signal bus disposed over said array;

a second signal bus disposed over said array, wherein said second
signal bus crosses said first signal bus at a second cross point in said array;
and |

means for electrically connecting said first and second signal buses at
said second cross point.

56. The apparatus of claim 51 wherein each of said memory cells
comprises: |

a memory storage circuit;

a subword line; and

a main word line;

wherein said main word line is arranged in a hierarchical structure

with said subword line.
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source of corresponding said first MOSFET, wherei n sajd -
is formed in a first quadril ateral region, wher ei n sBEPL @%{B%{E@T

circuits are fornmed in a second quadrilateral regl—eﬁ—Mr—ehﬁ—s—adjt—aeent to

said first quadrilateral region, and wher e vers are fo
inathird quadrilateral region which ig adj acent tawj Ellmllﬁu ;luw)
quadril ateral region. 43. A sem conduct or rdi ng
to claim4z2, wherein said third MOSFET is an n-type, wherein
said selection level is low |level, and wherein said drive circuits

are invertor cidtuitFhe apparatusldf claimsei8 fumrther comprésingya dabdeedetcor di ng

L?gﬁlefl Thé%cént compnsmg'tpxree ¥19a|r}51§’te |'evel of a selected subword line is

58. The apparatus of claim 57 wherein said subdecoder circuit is
connected to said peripheral circuit.

59. A method for supplying power and signals on an array-type
semiconductor device comprising:

supplying power to a power source located outside said array;

forming a first power bus connected to said power source and
aisposed over said array;

forming a second power bus over said array, such that said second
power bus crosses said first power bus at a cross point in said array;

electrically connecting a peripheral circuit located outside of said
array to said second power bus; and '

electrically connecting said first and second imwér buses at said cross
point.

60. The method of claim 59 further comprising: .

forming a third power bus outside said array such that said third
power bus crosses said second power bus at a second cross point outside
said array;

electrically connectmg said third power bus to said second power bus
outsnde said array; and

electrically connecting said peripheral circuit to said second power
bus via said third power bus.
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hi gh level voltage of said data |ines. 45. A sem conductor nenory

devi ce according to claim44, further conprising: . aHERm@IEMBNToSHEET
sense anmplifiers coupled to said data |ines, mhereln sai d sense
anplifiers are formed in a fourth quadrllateral region 'S~ adj acent to

said first and third quadrllateral regi £41s. tor
menory device according to claimd45, wherei n H I[Hﬂﬂlf'n
third MOSFET is narrower than that of said second

- 61. The method of claim 59 wherein said first power bus is formed

in a third metal layer and said second power bus is formed in a second
metal layer.

62. The apparatus of claim 59 wherein said first power bus is

formed in a separate layer from said second power bus.
63. The method of claim 59 wherein said array is a memory array.

64. The method of claim 63 wherein said peripheral circuit is a
sense amplifier driver.

65. The method of claim 59 wherein said electrically connecting

said first and second power buses is accompiished using a through-hole.

66. The method of claim 59 further comprising:
forming a first signal bus over said array;
forming a second signal bus over said array, such that said second
power bus crosses said first signal bus at a second cross point in said array;
and |
 electrically connecting said first and second signal buses at said
second cross point.

67. The method of claim 66 wherein said electrically connecting
said first and second signal buses is accomplished using a through-hole.




'REPLACEMENT SHEET - 47. A sem conductor device A ERERG
an array of electronic circuits; an electrical port gRgF@gNgu$@$§E
said array; a first conductor electrically connected to said

el ectrical port and di sposed over said array; a second conduct or

di sposed over said array, wherein said4gecond conductor crosses said first
conductor at a cross point in said array; a peripheral circuit

| ocat ed outside of said array, wherein said

SYSTEM WITH MESHED POWER AND
SIGNAL BUSES ON CELL ARRAY

Abstract of the Disclosure '

A method and apparatus for providing a meshed power and signal bus
system on an array type integrated circuit that minimizes the size of the
circuit. In a departure from the art, through-holes for the mesh system are
placed in the cell array, as well as the peripheral circuits. The power and
signal buses of the mesh system run in both vertical and horizontal directions
across the array such that all the vertical buses lie in one metal layer, and all
the horizontal buses lie in another metal layer. The buses of one layer are
connected to the appropriate bus(es) of the other layer using through-holes
located in the array. Once connected, the buses extend to the appropriate
sense amplifier drivers. The method and apparatus are facilitated by an

improved subdecoder circuit implementing a hierarchical word line structure.
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beripheral circuit is electrically connected to said second&BQEgEgNdQﬂE%Ld;
nmeans for electrically connecting said first and second f&P ors at said

Gross point, wherein said peripheral circuit is electrically
connected to said electrical port via said first and second conductor.
48. The apparatus of claim 47 further conprising: a third conductor

di sposed outside of said array, wherein said third conductor crosses said
second conductor at a second cross point outside of said array and,

means for electrically connecting said second and third conductors at said
second cross point, wherein said peripheral circuit is electrically
connected to said second conductor via said third conductor.
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49. The apparatus of claim47 wherein said second conducto

separate layer fromsaid first conductor. The QEB@@Qﬂ@ﬁﬂféﬁtﬁ
Gl ai m 48 wherein said second conductor is formed |n a separate |l ayer from
said third conductor. . 41
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51. The apparatus of claim47 wherein said array is a nenory arra aﬁg
said electronic circuits are menory cells. 52. 'HEPuNﬂaﬁ LSHEET
cl aim47 wherein said peripheral circuit is a sense anplifier driver.

53. The apparatus of claim47 wherein said neans for electrically
connecting conprises a through-hole. 54. The apparatus of claim47
wherein said electrical port is a power pad, said first and second
conductors are power buses.
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55. The apparatus of claim52 further conprising: | a first signal bus

di sposed over said array; a second signal bus diSposedREP@MCEMENW'SHEET
array, wherein said second signal bus crosses said first signal bus at a
second cross point in said array; and means for electrically

connecting said first and second signal buses at said second cross point.
56. The apparatus of claim51 wherein each of said nenory cells conprises:
a nmenory storage circuit; a subword line; and . a main word line;
wherein said main word line is arranged in a hierarchical structure
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th said subword |
gg sai d subwor i ne. (ﬁﬁfLAQqM?NT SHEET

The apparatus of clainms 56 further conprising a subdec
conprising three transistors.
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58. The apparatus of claim57 wherein said subdecoder circuit is connected
to said peripheral circuit. 59. A nethod for supplyin ]
signals on an array-type sem conductor device conprisinggEFLACgMEﬁﬁﬁ$§€ag
power to a r.source |ocated outside said array |, formng a first

power bus c g @EMfo Z% wer source and di sposed over said array;
o} J €
; ; :

formng a s r said array, such that said second power bus
crosses sai rst'B%wer bug dt a cross point in said array;
el ectricall bnddd @uagpdrijpheral circuit located outside of said array

O

to said sec ower ‘bus; and electrically connecting said first and
second power§ buses at sai r¢ss point.
6 -
T0 FIG. 7a
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60.

The met hod of claim 59 further conprising:
bus outside said array such that said third power bus cross

formng a third power

power bus at a second cross point outside said array;
connecting said third power bus to said second power bus outside said array
circuit to said second

and

power bus via said third power bus.
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el ectrically connecting said peripheral
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43 61. The nethod of claim59 wherein said first power bus is
formed in a third netal |ayer and said second power bus |REPLACEMENTnSHEET
second netal |ayer. 62. The apparatus of claimb59 wherein said
first power bus is forned in a separate |layer fromsaid second power bus.
63. The nethod of claim59 wherein said array is a nmenory array.

64. The method of claim63 wherein said peripheral circuit is a
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sense anplifier driver.
el ectrically connecting said

using a thr
conpri si ng:
a second si

crosses said first signa

ough- hol e.

"65.
first and second power buse
66. The nethod of claim 59

The nethod of claimb59 mhereln sai d.

formng a first signa

gnal

Cross point.

bus over said array,
bus at a second cross point
el ectricaily connecting said first and second si gnal

bus over said

?EP&A@E

urt her
array;

such that said second power bus
in said array;
buses at said second
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The nethod of claim66 wherein said electrically connect
and second signal buses is acconplished using a through

67.
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